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APRIL 10, 1933 


HE 184th regular meeting of the American 
Physical Society will be held in Washing- 
ton, D. C., at the Bureau of Standards on 
Thursday and Friday, April 27 and 28, and at the 
National Academy of Sciences, B and 2ist 
Streets, on Saturday, April 29, 1933. The first 
session will be at ten o’clock on Thursday 
morning. 

There will be sessions in the East Building, the 
Industrial Building and the Chemistry Building 
at the Bureau of Standards and in the Auditorium 
and the Lecture Hall of the National Academy 
of Sciences. The schedule of papers is given in 
the Calendar below. 


The Hydraulics Laboratory. After the Hydro- 
dynamics Session on Thursday afternoon there 
will be a tour of inspection of the Hydraulics 
Laboratory. 


Orchestral Concert in Constitution Hall. 
Under the auspices of the National Academy of 
Sciences, and through the cooperation of Music 
Director Leopold Stokowski, the Philadelphia 
Symphony Orchestra, and the American Tele- 
phone and Telegraph Company, an orchestral 
concert will be given in Constitution Hall, Wash- 
ington, on the evening of Thursday, April 27th, 
in demonstration of notable advances recently 
achieved by the Research Division of the Com- 
pany in the telephonic transmission of music and 
its reproduction before a distant audience. The 
concert program will be rendered by the Orches- 
tra in Philadelphia, and the music will be trans- 
mitted to Washington over three telephone lines, 
where it will be received and its qualities elec- 
trically controlled by Doctor Stokowski in 
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Constitution Hall. The National Academy cor- 
dially invites the members of the American 
Physical Society to attend the concert. The 
Academy will be pleased to supply admission 
tickets, gratis, to them and to the members of 
their families. 


Dinner. On Friday evening at 7:00 o’clock 
there will be a dinner for the members and their 
friends at the Hotel Washington, 15th and Penn- 
sylvania Avenue. The price of this dinner will be 
$2.00. Tickets must be purchased at the registra- 
tion desk at the Bureau of Standards when 
registering. 


Luncheon. On Thursday and Friday luncheon 
will be served in the cafeteria in the Industrial 
Building, Bureau of Standards, at 12:45 o’clock. 
There will be no fixed price. It is proposed this 
year to give cafeteria service and not a fixed 
menu and, with their scale of prices, the cost will 
in general be less than fifty cents. 


Headquarters. The headquarters will be The 
Lee House, 15th and L Streets, N.W. It will be a 
flat rate of $2.50 for single rooms and $4.00 for 
double rooms. The rates at the Hotel Washington 
are as follows: single rooms, $4.00 and up; 
double rooms with twin beds, $6.00 and up. 


Railroad Rates. A reduction in railroad fares 
of ‘‘one and one-half fare on the Certificate Plan”’ 
will apply for members and their immediate 
family attending the meeting of the National 
Academy of Sciences or the American Physical 
Society in Washington. Concerning the date of 
issue and validation consult your local ticket 
agent. 
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It is strongly urged that all members before 
purchasing tickets consult the ticket agent con- 
cerning rates, either on the Certificate Plan or 
special excursions at the time. 


The Chicago Meeting and the Century of 
Progress Exposition 


June 19 to 24 bids fair to be one of the red 
letter occasions of the Physical Society. Our 
scientific program is being planned in coopera- 
tion with the various sections of the A.A.A.S.— 
astronomy, mathematics, chemistry, meteorol- 
ogy and geology. Symposia are being arranged on 
Atmospherics, Quantum Mechanics, Isotopes, 
Nuclear Disintegration, Spectroscopy and Mag- 
netism. At these symposia there will be our dis- 
tinguished foreign guests, Bjerkness, Fermi, 
Aston, Bohr, Sommerfeld and possibly de Broglie 
and Honda, along with the leading American 
physicists in these fields. 

The exposition itself will, no doubt, be very 
interesting with its remarkable assemblage of 
masterpieces in painting and sculpture, the 
recreation of the Mayas’ architecture, the plane- 
tarium and the Hall of Science with everything 
from train models to a 200 foot thermometer. A 
special feature will be the complete Royal Scot 
Train, example of the finest British locomotive 
design. This train leaves Euston Station, London, 
for Glasgow and Edinburgh at 10 a.m., a depar- 
ture time which has never been changed since it 
was standardized in 1862. 


General Rules Relating to Papers. Only those 
titles of papers shall be listed on the preliminary 


program of a meeting of the Society for which — 


abstracts ready for publication are in the hands 
of the Secretary. 
When two or more papers are offered by the 


Thursday morning 


9:00 o'clock: South Building: Room 300: 
Council Meeting. 
10:00 o’clock: B of S Industrial Building: 


Papers 1-10. 
10:00 o’clock: B of S East Building: Papers 
11-18. 


CALENDAR 


same member, one only of these will be assigned 
a place on the regular program, while the others 
will be placed in a supplementary program. 

Papers received after the program has been 
printed will be placed in the supplementary 
program. The presiding officer may in his discre- 
tion call for such papers to be read by title only. 

Except by special vote of the Society, the 
maximum allowance of time for the presentation 
of a paper shall be ten minutes. The presiding 
officer shall enforce this rule. 

The supplementary papers may be called for 
at the end of any one of the sessions held in the 
East Building at the Bureau of Standards or in 
the Auditorium at the National Academy of 
Sciences. 

Titles and abstracts of the papers to be pre- 
sented are given in the following pages. These 
abstracts have not been corrected by the authors. 
After correction the abstracts will be published 
in an early number of the Physical Review. Au- 
thors should send corrections to the Editorial 
Secretary, The American Institute of Physics 
Incorporated, 11 East 38th Street, New York, 
N. Y. 

Other meetings for the current season are as 
follows: 


185. Salt Lake City. June 15-16, 1933. Pacific 
Coast. 

186. Chicago. June 19-24, 1933. Joint meeting 
with A.A.A.S. 

187. Cincinnati. December 1-2, 1933. 

188. December 1933. Pacific Coast. Time and 

- place to be announced later. 
189. Annual Meeting. December 1933. Boston. 


W. L. SEVERINGHAUS, Secretary 
Columbia University, New York, N. Y. 


April 10, 1933. 


Thursday afternoon 


2:00 o'clock: B of S Industrial Building: 
Papers 19-26. 

2:00 o’clock: B of S East Building: Papers 
27-33. 

4:00 o’clock: Inspection of Hydraulics Labora- 


tory. 


Thursday evening 
8:00 o'clock: Constitution Hall: Orchestral 
Concert. 


Friday morning 
10:00 o’clock: B of S Industrial Building: 


Papers 34-42. 

10:00 o'clock: B of S East Building: Papers 
43-52. 

10:00 o'clock: B of S Chemistry Building: 
Papers 53-59. 


Friday afternoon 
2:00 o’clock: B of S Jndustrial Building: 
Papers 60-67. 


2:00 o'clock: B of S East Building: Papers 
68-74. 


Friday evening 
7:00 o’clock: Hotel Washington: Dinner. 


Saturday morning 


10:00 o’clock: N A of S Auditorium: Papers 
75-83. 


Saturday afternoon 


2:00 o’clock: N A of S Auditorium: Papers 
84-93. 


1. Some Micro-Moving-Pictures Showing the Lethal 
Effects of Ultraviolet Radiation on Certain Living Protozoa. 
RACHEL FRANKLIN, A. J. ALLEN, AND ELLICE McDonaLp, 
Cancer Research Laboratory, Univ. of Penna.—A series of 
micro-moving-pictures showing the effects of ultraviolet 
radiation on certain living protozoa (entosiphon, euglena, 
colpoda and paramecia) was taken. Ultraviolet radiation 
below 2900A causes immediate cessation of all motion of 
the organisms, followed by marked internal changes and in 
some cases a complete break-down of the cellular structure. 
These pictures were taken with a microscope having a 
quartz optical system for the condenser. A small con- 
stricted mercury arc, placed directly under the condenser, 
served as a source of ultraviolet radiation as well as a 
source of illumination. The organisms to be studied were 
placed in a quartz dark field cell, and for observation under 
normal conditions a glass filter was interposed between the 
light source and the condenser. When this was removed the 
organisms received the ultraviolet radiation and the 
specific effects for each organism were shown in a striking 
manner. Some ideas as to the mechanism of the killing 
caused by the photochemical changes which take place can 
be obtained. 


2. Microphotography and Some Radiation Effects on 
Living Organisms with Various Wave-Lengths of Mono- 
chromatic Ultraviolet Light. A. J. ALLEN, RACHEL FRANK- 
LIN, AND ELLICE McDONALD, Cancer Research Laboratory, 
University of Pennsyluania.—A microscope with an all 
quartz optical system was originally designed to make use 
of the higher resolving power which could be obtained by 
using the short ultraviolet wave-lengths to which the 
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glass systems were opaque. Such a microscope equipped 
with a quartz monochromator and a small constricted 
mercury vapor arc enables one not only to take micro- 
photographs of high resolving power but also to study the 
absorption of various parts of micro organisms to the 
various wave-lengths. It can also be used to study the 
effects of these radiations on living organisms and to 
correlate the effects with the absorption. This has been 
done for some protozoa, microphotographs having been 
taken with fifteen different lines in the ultraviolet spectrum 
of the mercury arc. Similar photographs have been taken of 
sections of various kinds of tissue. Absorption of wave- 
lengths below 2900A by the nuclei of the cells produces an 
effect similar to staining. Microphotographs of cancer 
tissue taken five minutes after an animal has been killed 
and those of the same tissue taken three hours later show a 
marked change in the micro absorption spectra of the cells. 


3. Diffraction Spectra from Striated Muscle and the 
Mechanism of Contraction. A. Sanpow, Biology Depart- 
ment, Washington Square College, New York University.— 
Striated muscle consists of long cylindrical cells (fibers) 
crossed by alternate dark and light bands with a separation 
between two similar successive bands, in the frog, of about 
2.5u. The frog sartorius, a thin, flat muscle, thus constitutes 
a natural diffraction grating, better, a set of closely layered 
gratings, whose lines number about 10,000 to the inch. The 
entire diffracted spectrum of a beam of white light obtained 
by using this muscle as a transmission grating has been 
photographed and in elaboration of previous citations of 
this effect (Ranvier-1874, Renault-1884, and others) 0, 1st, 
2nd, 3rd, and sometimes 4th order spectra appear on the 
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plates. The width of the muscle ‘grating element”’ calcu- 
lated from the angular separation of the various order 
spectra from filtered blue light agrees with that found by 
direct measurement, 2.5u. When the muscle is lengthened 
by stretching, or shortened by stimulating it to contract, 
the percentage change in the grating element width equals 
the percentage change in the muscle length. These results 
are in agreement with the supposition that the muscle 
behaves as if it were an elastic ideal grating. The intensity 
distribution of light among the various spectra formed by a 
resting muscle and a muscle excited to develop tension but 
not permitted to contract has been studied in the attempt 
to follow the change due to excitation in the ratio: width of 
dark band to width of light band. The results show that 
this ratio decreases in the excited muscle thus indicating, 
in agreement with Meyer’s theory of muscle contraction, 
that the contractile elements are localized in the dark 
bands. 


4. An Absolute Determination of the Ohm. Harvey L. 
Curtis, CHARLES Moon AND C. MATILDA SPARKS, Bureau 
of Standards.—A determination of the ohm in terms of 
the units of length and time has been made. The method 
depends on the measurement of a self-inductance in terms 
of time and the present unit of resistance, and on the 
computation of the inductance from measurements of the 
dimensions of the inductor. Three single layer solenoids 
have been measured. They have been constructed with 
such care that the inductance can be computed from the 
measured dimensions with an error of only a few parts ina 
million. The measured inductance can be measured in 
terms of resistance and time with about the same accuracy. 
The result is expressed as 1 B.S. International Ohm 
= 1.00045, Absolute Ohms. 


5. The Resistivity of Expanded Conductors. P. I. WoLp, 
Union College.—At the meeting of the Physical Society in 
Atlantic City a report was given under the title above, 
based on experimental data and on theoretical work of 
Lord Rayleigh. In that report an extension of Rayleigh’s 
simple formula was given for obtaining the fractional 
volume ~ occupied by spherical insulators in a conducting 
matrix, in terms of o, the relative resistivity with and 
without insulator. Rayleigh’s simple formula is satisfactory 
to about 30 percent of insulator. The one mentioned above 
is satisfactory to about 60 percent. A further extension has 
now been obtained in a form of increasing powers of p, to 
p', the coefficients of p each involving products of ceitain 
surface spherical harmonics. By a method of approxima- 
tions, values of p, satisfactory to over 85 percent, can be 
calculated and a curve has been plotted between p and co. 
This curve takes on a universal character, since it is 
independent of the nature of the conductor. The results are 
also applicable to many problems similar to flow of 
electricity, such as a fluid through a barrier, as of oil or 
water through sand. 


6. A Sensitive Ballistic Galvanometer Operating in 
High Vacuum. W. B. ELttwoop, Bell Telephone Labora- 
tories.—A resonant ballistic galvanometer has been de- 
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veloped especially for precise magnetic flux measurements. 
The sensitivity is high, about 4 flux turns per mm deflection 
at one meter scale distance compared with 500 flux 
turns/mm/m attained by commercial galvanometers. The 
galvanometer is based upon the principle stated by 
Maxwell that, if the charge to be measured by a ballistic 
galvanometer is sent repeatedly through the galvanometer 
in proper phase, the amplitude of the swings will increase to 
a steady value which is proportional to the charge and 
which is greater the smaller the damping. Operating the 
moving coil in high vacuum eliminates air damping. A 
flat tape suspension, thin enough to act substantially as 
a bifilar suspension, reduces elastic hysteresis. Light from 
the galvanometer mirror acts on a photo-cell controlling the 
switching mechanism, to ensure the correct synchronization 
of the repeated impulses. A high accuracy of integration is 
attained by reducing to a minimum the eddy-currents and 
hysteresis losses in the galvanometer itself. This is done by 
avoiding the use of metal in the neighborhood of the coil. 


7. Luminous Discharge between Lecher Wires in a 
Partially Evacuated Tube. W. D. HERSHBERGER, H. A. 
ZAHL, AND M. J. E. Goray, Signal Corps Laboratories, 
Fort Monmouth, New Jersey—In experiments with a 
Barkhausen-Kurz oscillator generating undamped 65 cm 
waves a study was made of the potential difference between 
the Lecher wires coupled to the oscillator by enclosing these 
wires in an evacuated glass tube several wave-lengths long. 
The oscillator itself employed two type —52 tubes con- 
nected in push-pull and set up radiofrequency currents of 
one ampere in the Lecher wires and potential differences in 
excess of 100 volts between the wires at positions separated 
by half wave-length intervals. At these voltage loops, for 
certain critical pressures, a discharge took place between 
the wires which was photographed as well as employed ina 
direct study of the-standing waves in the wires. The gases 
used in the tube were air, helium, mercury vapor, and 
mixtures of the latter two with air. The use of this tube 
made possible a visual study of the changes in potential 
distribution as various circuit adjustments were made. A 
series of double maxima was observed when the wires were 
mistuned. At certain pressures the losses introduced in the 
system by the discharge were so great as to cause the 
oscillations to diminish in amplitude giving rise only to a 
brilliant but intermittent discharge, playing back and 
forth from one nodal position to another. 


8. The Principle of Dimensional Homogeneity and 
Aerodynamical Resistance, with Application to the Cup 
Anemometer. G. GRIMMINGER, U. S. Weather Bureau, 
Wash., D. C. (Introduced by W. J. HUMPHREYs.)—There is 
no adequate theory of the motion of the anemometer cup 
wheel because the forces involved are too complicated to be 
treated by existing aerodynamical theory. One must 
therefore resort to experiment, in which case, the principle 
of dimensional homogeneity can be used advantageously. 
This principle is discussed, and it is shown that its appli- 
cation to the thrust and torque exerted on the cup wheel 
has the effect of reducing the number of independent 
variables, thus reducing the number of experiments 
necessary to determine the unknown functions. Its appli- 
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cation also shows that the forces exerted on the instrument 
may be expected to vary with Reynold’s number, the effect 
of which has hardly been recognized heretofore. Experi- 
ments are in progress for the purpose of determining this 
effect as well as the effect of variations in the size of the cup 
wheel and in the shape of the cups. 


9. The Effect of Turbulence on the Rating of Cup 
Anemometers. HuGH L. Drypen, W. C. Mock, JR., AND 
G. B. SCHUBAUER, U. S. Bureau of Standards.—In recent 
attempts to determine accurately the rates of the standard 
three-cup and four-cup Robinson anemometers used by the 
Weather Bureau for the measurement of wind speed, it was 
discovered that the rate of rotation depended on the small 
fine-grained turbulence of the wind stream as well as on the 
mean speed. When the turbulence was increased from 0.7 
percent to 5 percent, the rate of the four-cup standard at a 
mean speed of 30 miles per hour increased by 8 percent, 
that of the three-cup by 34 percent. Measurements of the 


fine grained turbulence in the natural wind showed that 
calibration should probably be made with large turbulence. 


10. A Review of Observation and Theory of Turbulence 


- in the Atmosphere. Louis P. Harrison, U. S. Weather 


Bureau. (Introduced by W. J. HuMpHREyYsS.)—The various 
methods of observing atmospheric turbulence are sum- 
marized and discussed with regard to the particular aspects 
of turbulence which they each show most clearly. The 
results of the direct observations disclosed by these methods 
are reviewed. From these results an attempt is made to 
describe atmospheric turbulence in terms of physical 
models. The various theories which have been proposed to 
explain and describe turbulence in the atmosphere are next 
reviewed and their agreement with observation discussed. 
Some of the difficulties inherent in these theories are 
pointed out. Finally, certain desiderata which must be 
fulfilled by more satisfactory theories are presented and 
discussed. 


11. Magnetic Rotation Spectrum of the Red Bands of 
Sodium. W. R. FREDRICKSON AND CARL R. STANNARD, 
Syracuse University—The magnetic rotation spectrum 
falls into two distinct sections; the first, from the D lines to 
about A6800A, in which the lines appear more or less as in- 
dividual lines, and the second, to the red of \6800A, where 
the lines appear in groups. When the vapor pressure of 
sodium in the absorption tube is relatively low, the first 
region shows only two strong series of doublets, the doublet 
spacing increasing very rapidly as a series progresses to 
lower frequency. The low-frequency component of a 
doublet has positive rotation and the other, negative. The 
doublet is interpreted as a P and R-branch line having a 
common K’. The two series turn out to be a v’ progression 
(v’=0) arising from different K’ levels in the upper 
vibrational states,—the K’ values in the states 1 to 9 being 
60, 52, 43, 31, 16, 58, 51, 40 and 28, respectively. Corre- 
sponding doublets for other v’’ values are found on the high 
vapor density plates and are arranged in a wide Condon 
parabola. In trying to extend the doublets to the far red 
region where the groups of lines occur, one has difficulty 
because of the great number of lines and the uncertainty of 
the B” values for large v’’. The appearance of the doublets 
and groups strongly suggests the presence of another state, 
probably II, closely parallelling the ‘2’ and causing 
perturbations. 


12. Pure Rotation Absorption Spectra of NH; and PH; 
Gases Under High Resolving Power. H. M. RANDALL AND 
NoRMAN WRIGHT, University of Michigan.—A large 
aperture spectrometer employing a reflection grating of the 
echelette type ruled to concentrate radiation in the region 
of the first order of 90u has yielded a resolving power 
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several times that hitherto obtained in the region between 
50 and 125u. The pure rotation absorption spectra of the 
two gases ammonia and phosphine have been investigated. 
In the case of NH; the absorption lines shown as single in 
the work of Badger and Cartwright have been shown to be 
doublets with a separation of 1.33 cm~ under the higher 
resolving power obtained in the present work. Despite the 
similarity of the PH; molecule to that of NH; the PH; pure 
rotation lines have been found to be single and quite sharp. 
Determinations of the A and C moments of inertia of the 
NH; molecule and of the A moment of inertia of the PH; 
molecule have been made. 


13. The Infrared Spectrum of CO,. ARTHUR ADEL AND 
Davin M. Dennison, University of Michigan.—About 
thirty infrared bands of CO: are now known with great 
precision, thirteen having been mapped during the past 
year. The qualitative features of the spectrum are well 
explained by the theoretical work of Fermi and Dennison 
which, however, fails to predict the exact positions of the 
bands. A second order perturbation involving eleven 
anharmonic coefficients and featuring the resonance de- 
generacy of the system accounts for the entire infrared 
spectrum to within the experimental error. A second mode 
of attack on the anharmonic constants which define the 
potential is through an analysis of the interaction between 
rotation and vibration. The convergence of the fine 
structure lines is due to the displacement of the atomic 
equilibria positions in the anharmonic force field by the 
centrifugal forces of rotation. The slight asymmetry of the 
excited molecule is included in the analysis. An attempt has 
been made to utilize these anharmonic constants in 
establishing a closed analytical potential function for the 
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system. It resembles the Morse function for diatomic 
molecules and possesses but four constants. The solution to 
the entire problem is characterized by an excellent agree- 
ment with experiment. 


14. The Absorption Spectrum of Diatomic Bismuth. 
G. M. Atmy anp F. M. Sparks, University of Illinois.— 
The absorption spectrum of bismuth, previously observed 
but not analyzed, has been obtained by heating bismuth in 
an atmosphere of nitrogen in a carbon tube furnace at 
temperatures from 800°C to 1500°C, and also by heating in 
an evacuated quartz tube, up to 1100°C. Vibrational 
analyses have been made of four systems of bands: (1) a 
visible system, 4500A to 8000A, consisting of some 300 
bands which can be arranged in v’, v’’ array extending to 
=59, =55. =173.4, x’’w./’=0.41 (normal state of 
Biz); we’ =132.5, x’w.’ =0.33; (2) an ultraviolet system, 
2600A to 2900A, of about 40 bands having the same lower 
state as (1) and w,’=156, x’w,’=0.7; (3) a far ultraviolet 
system, from 2250A down, having the same lower state as 
(1); (4) a violet system, 4050A to 4200A, of 15 bands, 
appearing only above 1000°C. ((1), (2), (3) are well 
developed at 900°C.) The lower state of this system is 
probably the upper state of (1) while w,’ = 130, x’w,’ =9.7. 
Assuming the lowest state dissociates into two normal 
‘4S; Bi atoms, satisfactory extrapolations to atomic states 
can be made in all cases, including three observed regions of 
continuous absorption. The heat of dissociation of the 
lowest state is 1.8 volts. 


15. Vibrational Analysis of the GeO Emission Band 
Spectrum. R. Suaw, Cornell University.—Fifteen 
bands in the region \2990-\2500 have been observed in an 
arc with electrodes composed of graphite rods cored with 
fused germanium dioxide. Measurements on the heads of 
the bands have been made visually and from micro- 
photometer records. A vibrational analysis based on these 
data yields the following equation: 


v = 37763.27 + [648.6(»’ +3) +4)*] 
— [983.2 +3) —3.7(v" 


This analysis is substantially the same as one communi- 
cated to the author by W. F. C. Ferguson of New York 
University. The rotational structure near the band heads is 
completely unresolved with the instruments used thus far. 
Considerable overlapping of the bands is apparent, and 
moreover the vibrational analysis indicates that a number 
of faint bands are obscured by the strong ones observed. 
Thus progress in rotational analysis and in the detection of 
isotope effects has been hampered. 


16. Quenching of Iodine Fluorescence by Iodine and 
Argon. JAMES F. KOEHLER, Smith College.—In experiments 
conducted at Princeton University the fluorescence in- 
tensity of iodine between 0.03 mm and 0.8 mm when 
excited monochromatically by the mercury arc, has been 
measured by photographic photometry with a spectro- 
graph. Refinements of the work of Wood and Speas (Phil. 
Mag. [6] 27, 531 (1914)) consist in monochromatic 
excitation and corrections for absorption changes of 
exciting light and reabsorption of fluorescence. Absorption 
measurements under similar conditions have been made 
with two compensating photoelectric cells. The fluorescence 
and absorption data are combined to evaluate the ratio of 
the rate of dissociation of excited molecules to the rate of 
radiation at given concentrations. At 0.03 mm this ratio is 
0.42 for the green line and 0.55 for the yellow; at 0.2 mm 
these are 2.8 and 3.6. This radiation includes energy 
transferred and radiated from nearby states. Yellow 
fluorescence is quenched by iodine more than green, 
indicating that collision quenching is not due to enhance- 
ment of predissociation. Similar measurements of fluores- 
cence and absorption were made with varying amounts of 
argon up to 16 mm. The quenching efficiency of argon is 
only one-twentieth of iodine. 


17. Electro-Optical Kerr Effect in Gases. C. W. BRUCE, 
University of Virginia. (Introduced by J]. W. BEAms.)—The 
variation of the Kerr effect with density in carbon dioxide 
has been measured with increased precision for densities up 
to 0.32 g/cc. The temperature variation in carbon dioxide 
has been measured for temperatures 7°C and 35°C. The 
variation with density and temperature is about that 
expected from the Langevin-Born theory. A method is 
given for obtaining the absolute value of the Kerr constant 
in gases at high pressures. Preliminary values have been 
obtained for carbon dioxide and nitrogen. 


18. Kerr’s Law at High Field Strengths. James A. 
Hootan, University of Virginia.—Deviations from Kerr’s 
law for liquids subjected to intense electric fields have been 
quantitatively investigated by the use of improved 
compensation methods similar to that of Beams (Phys. 
Rev. 37, 781 (1931)). The law was found to hold, within the 
limits of precision of one-eighth of one percent, for pure non- 
polar carbon disulphide up to the highest field intensity the 
liquid could sustain. In the case of polar liquids ethyl! ether 
and chloroform, on the other hand, easily measurable 
deviations were observed. Curves showing the departure 
from Kerr's law at high field strengths are given for ethy] 
ether at —78.5°C and for chloroform at —22.5°C. 
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19. An Improved Magnetic Velocity Selector for Molecu- 
lar Beams. I. I. RaBr AND V. W. COHEN, Columbia Uni- 
versity.—The magnetic velocity selector previously de- 
scribed (Phys. Rev. 43, 377 (1933)) has been improved by 
the addition of a magnetic field at the end of the path of 
the beam. The analyzing field is between the selector slit 
and this last field. The field is so arranged as to produce a 
deflection opposite to that of the velocity selector. The 
advantages are twofold. The selected beam is considerably 
sharpened allowing better spatial resolution. Secondly the 
selected beam is brought away from the region where 
scattered atoms from the small tail of the beam would 
interfere with the deflection pattern. When one selects 
small velocities (c/2 and dv/v=1/10) the intensity is less 
than one-thousandth of the original beam intensity. This 
amount is scattered into the same region from the tail of 
the beam. This form of the magnetic velocity selector has 
been applied to the measurement of the nuclear spin of 
sodium. 


20. The Spin of LI’ from Hyperfine Structure Data. 
Newton M. Gray, New York University, University 
Heights.—It has been shown by Giittinger and Pauli and by 
Goudsmit and Inglis that the Afs of the 5485A (1s 2s *S 
—1s 2p *P) line of Li II as observed by Schiiler is in fair 
agreement with a spin i=3/2. According to Granath’s 
newer measurements on components (1) (2) (3) the interval 
ratio of the 1s 2s *S—1s 2p *Po part of the pattern agrees 
closely with the theoretically expected value for this 7. The 
calculations of Giittinger and Pauli have been corrected for 
the effect of the 2s electron and carried through for 1 =3/2, 
2, 5/2. The part of the pattern due to *P;, 2 is not very 
sensitive to the spin. Some observable differences were 
found. Thus the distance between components (3) and (5) 
should differ by about 0.1 cm for 1=3/2 and 5/2 and 
Schiiler’s observations are in agreement with 3/2. Un- 
published photographs and measurements of Granath were 
used to redetermine this and other distances and were 
found to be in very close agreement with Schiiler’s. The 
observed pattern agrees best with i=3/2, i=2 is barely 
possible while i=1, 5/2 are definitely excluded. 


21. Hyperfine Structure in Intermediate Coupling and 
Nuclear Magnetic Moments. G. BREIT AND LAWRENCE A. 
Wits, New York University, University Heights.—The 
theory is extended to intermediate coupling and to cosine 
laws of force between nucleus and electron varying with 
different powers of their distance apart. In addition to 
Goudsmit’s constants a’, a’’ there appears a third coupling 
constant a’”’ for each electron, which gives energy matrix 
elements for the same / and different j7. The theory is in 
approximate agreement with observation. The gross 
structure is used to determine the parameters of the theory 
of intermediate coupling and hence 1/r’. This together 
with a” gives nuclear magnetic moments having roughly 
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the same value for different configurations and stages of 
ionization. Approximately g is (u=giuo/1840) for Tl 3, 
Bi 1.1, Pb?” 1.5, Hg” 0.8, Sb'* 1.3. The variation of 1/r* as 
determined from gross structure shows changes in screening 
agreeing with those supposed to exist for (6s)? of Pb 1, TI I in 
order to explain the isotope shift as due to differences in 
nuclear radii. The discrepancies between gross structure 
and theory are shown to be connected with similar dis- 
crepancies in hfs. 


22. On the Magnetic Moment of the Nitrogen Nucleus. 
R. F. BacHER, University of Michigan.—The lines 45329 
(2s 2p* — 2s? 2p? 4p *D 54), 45357 (2s 2p* 4P —2s* 2p? 4p 
and 45373 (2s 2p* *P,—2s? 2p? 4p of N I have 
been examined for hyperfine structure with an inter- 
ferométer using various plate separations from 5 mm to 
29.5 mm. Although the levels of the 2s 2p* configuration are 
expected to show hyperfine structures roughly twenty-five 
times as large as any of the usual levels of N I, the lines 
investigated always appeared single. Since the nitrogen 
nucleus is known from band spectra to have a mechanical 
moment of 1 4/22, the absence of hyperfine structure must 
be due to the small size of the nuclear magnetic moment. 
With the expressions recently applied by Goudsmit, the 
measured line width of 45329 indicates that the nuclear 
magnetic moment is =0.2 “proton magneton.” (eh/4xMc.) 
If the nuclear spin is due to the spins of component particles 
and if, as has been supposed, the nitrogen nucleus consists 
of a closed group plus one proton and one neutron, then 
this low value for the nuclear magnetic moment means that 
the neutron must have a magnetic moment in the opposite 
direction from its mechanical moment and of the order of 
one proton magneton. 


23. Anomalies in Hyperfine Structure. S. GouDsMIT AND 
R. F. BAcHER, University of Michigan.—Deviations from 
the interval rule have been found by Schiiler and Jones 
(Zeits. f. Physik 77, 801, 1932) in two adjacent levels of the 
6s 6d configuration of Hg I. This anomaly can be explained 
satisfactorily by the fact that in this case the hyperfine 
structure is of the same order of magnitude as the sepa- 
ration of the two levels, causing a distortion similar to the 
Paschen-Back effect. The method used is the same as that 
for change in coupling (Phys. Rev. 35, 1325 (1930)). The 
hyperfine structure separations for the 3s 4f *F and 'F 
levels of Al II found by Sawyer and Paschen are unusual in 
that they do not agree with the theoretical formulas and 
cannot be explained as due to perturbations by other 
levels. It can be shown that this hyperfine structure, which 
is observed only in transitions from the higher members of 
the 3s ng series to the 3s 4f levels, is partially that of the 
3s ng states. The latter all have the same hyperfine struc- 
ture which is larger than their multiplet structure and 
singlet triplet distance. 


24. Paschen-Back Effect and the Polarization of Reso- 
nance Radiation. Sodium (5?P;, 3—3*S,). N. P. HEYDEN- 
BURG, State University of Iowa.—Preliminary data on the 
polarization of the resonance radiation of the second 
doublet of sodium when excited by nonpolarized light with 
a magnetic field applied parallel to the direction of the 
incident beam shows that the polarization increases with 
increasing field strength reaching a maximum of slightly 
over 33 percent in fields of less than 100 gauss. In order that 
the Paschen-Back effect of the hyperfine levels be com- 
pleted in fields of this order of magnitude the separation 
constant of the upper hyperfine levels must be of the order 


25. Absorption and Emission of Hyperfine Structure in 
Optically Excited Mercury Vapor. M. L. Poor anp S. J. 
Srumons, Ohio State University.—Radiation from a mercury 
arc was passed through a resonance tube containing various 
lengths of optically excited mercury vapor and pressures of 
admixed nitrogen. Both components of 2967 showed strong 
absorption. None of the components of 4358 and 5461 
showed any measurable absorption. The absorption of the 
five components of 4047 was strong and increased with 
increase of admixed nitrogen. The strongest component 
showed the strongest absorption and the amount of 
absorption decreased with decrease in intensity of the 
components. The intensity of each component decreased 
nearly exponentially with increase in length of excited 
mercury vapor. The linear absorption coefficient for each 
component increased with increase of nitrogen pressure. In 
fluorescent emission the four strongest components of 4047 
were observed. However, in fluorescence the weaker 
components were much weaker in comparison to the central 
component than in an arc. 


26. The Arc Spectrum of Sulfur in the Ultraviolet. J. E. 

RueEpy, Cornell University.—A Schiiler tube with a water- 
cooled aluminum cathode, using He gas for maintaining the 
discharge, was attached to a vacuum spectrograph, 
employing a 1.5 meter grating. The sulfur spectrum was 
excited by vaporizing some sulfur in the tube while the 
discharge was in operation. The maximum potential used 
was 2000 volts d.c., and currents up to 2 amp. could be 
maintained without any injury to the tube. The wave- 
length range photographed was from 0 to 2600A. The 
spectra of both S I and S II were strongly excited, and no 
certain means of distinguishing them was found, although 
varying the discharge conditions gave some indication. 
Under proper conditions, strong reversal of lines due to 
transitions into the low or metastable states was obtained, 
and this aided greatly in classifying some of the singlet 
lines. All the ultraviolet lines reported at various times by 
Hopfield, and the revised classification of them given by 
Frerichs (Zeits. f. Physik 80, 150 (1933)) (except that the 
total quantum numbers of the d electrons, as he gives them, 
appear to be too large by one) are confirmed. In addition, 
transitions have been found which permit the following 
new term values to be added to Frerichs’ table. 


CD) 
(2P)!S)—64,522 
3p%4s4 (2P)*P, 
(*P)3P,—6373 
5264 


Several higher members of some of these and other series 
have also been observed. A complete report of this work 
will be published later. 
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27. Theory and Experiment in Fluid Dynamics. L. B. 
TUCKERMAN, Bureau of Standards.—Until recently fluid 
dynamics offered a most striking example of well-founded 
theory apparently contradicting well-established experi- 
mental results. As a consequence practical hydrodynamics 
in river and flood control, in water works, in water power 
utilization, and in ship design developed on a basis largely 
empirical. Within the last few decades, chiefly under the 
spur of the demands of aviation, a reconciliation of theory 
and experiment has been achieved. The contradictions are 
now mere paradoxes. However, this reconciliation has 
made even more clear that, for a long time to come, direct 
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experiment must form the basis of practical hydro- and 
aerodynamics. The general theory of fluid dynamics can, at 
present, furnish only the framework into which the 
experiments may be fitted. (10 minutes, by invitation.) 


28. Our Present Knowledge of Turbulent Flow. Tu. 
von Karman, California Institute of Technology. (30 
minutes, by invitation.) 


29. Studies of Boundary Layer Flow at the Bureau of 
Standards. HucH L. DrypEen, Bureau of Standards.— 
The flow of air and water about obstacles has been found to 


| 

+ 

| 

| 

i 

10 

| 


depend on the state of motion in the “boundary layer,” 
that thin region near the surface of the obstacle in which 
the frictional forces are comparable with the inertial forces. 
The simplest case of boundary layer flow is that near a thin 
flat plate of great length and width placed parallel to the 
flow. The distribution of mean speed near a plate has been 
measured at the Bureau of Standards in a wind tunnel in 
which the turbulence was smaller than that in the experi- 
ments of Zijnen and of Hansen and quantitatively known. 
The transition from laminar to turbulent flow occurred at a 
greater distance from the front of the plate than in their 
experiments. The amplitude of the fluctuation of speed in 
the boundary layer was also measured. The surprising 
result was obtained that in the laminar flow near the front 
of the plate, the fluctuations were nearly as large as in the 
turbulent flow. Computations were made by a modification 
of Pohlhausen’s method of the flow in a boundary layer 
subjected to pressure gradients produced by a small 
sinusoidal speed fluctuation superposed on the steady flow 
outside the layer (simplified turbulence in the external 
flow). The computations indicate that the fluctuations in 
the external flow are amplified within the layer. Separation 
finally occurs, a probable preliminary to the beginning of 
turbulent flow. The computed distribution of the amplitude 
of the fluctuation corresponds qualitatively to that mea- 
sured experimentally. 


30. Tides. P. ScHUREMAN, Coast and Geodetic Survey. 
(Introduced by F. L. MoHLER.)—The tides of the ocean are 
primarily the result of a system of oscillations known as 
stationary waves, these oscillations being maintained by 
periodically applied forces exerted by the moon and the sun. 
The principal periods of these forces correspond approxi- 
mately to the day and the half day, the effect of the latter 
usually predominating. The daily forces depend upon the 
declination of the moon and sun. The free period of a 
stationary wave depends upon the depth and length of the 
oscillating body of water and when these are such as to 
provide for a free period corresponding to one of the 
periodic tidal forces a large amplitude of oscillation can be 
sustained. While in all oceans areas can be delineated 
which will favor semidiurnal oscillations, we must look to 
the larger oceans for conditions most favorable to the 
diurnal oscillations. Thus the diurnal oscillations in the 
Pacific Ocean are much larger than in the Atlantic Ocean. 
Disregarding the peculiarities in the tide which may be 
occasioned by shallow water conditions, the type of tide in 
any locality depends upon the amplitudes and phase 
relation of the diurnal and semidiurnal waves in that 
locality. 


31. The Present Status of Knowledge of Pressure Loss 
for Flow in Curved Pipes. G. H. KEuLEGAN, U. S. Bureau 
of Standards. (Introduced by L. J. Briccs.)—Although the 
problem of pressure loss for flow in curved pipes has been 
attacked by many investigators during the last fifty years, 
our knowledge regarding this phenomenon is far from being 
definite. This is true particularly for the regime of turbulent 
flow. The results of various experiments on the coefficient 


of loss are not in accord, except perhaps for the qualitative 
result that the loss is a minimum for bends for which the 
ratio of the radius of bend to radius of pipe falls within 
certain limits. The many attempts to analyze the different 
factors contributing to the loss have established the 
existence of transverse currents and regions of separation of 
flow. Unfortunately, these phenomena can not as yet be 
treated theoretically. On the contrary, theory has been of 
considerable assistance when laminar flow exists. (10 
minutes.) 


32. Capacity of Overflow Troughs. K. H. Bey, U. S. 
Bureau of Standards. (Introduced by L. J. Briccs.)— 
Overflow troughs are channels having uniform inflow along 
their entire length. Familiar examples are roof gutters, 
constant-level tank troughs and wash water troughs. Side 
channel spillways present the same problem on large scale. 
The discussion applies to rectangular troughs discharging 
freely at one end, assuming the inflow imparts no mo- 
mentum in direction of flow, vertical velocities are negli- 
gible and velocity is constant over all parts of a cross 
section. Then, (d/dt)(MV) =G+F, where M = mass passing 
a section in unit time, V=velocity, G=gravitational force 
in direction of flow, F =frictional forces. If friction is small 
and troughs are level, g*x*/gb?=—h®/2+hC, where g 
=quantity of inflow per unit length, x=distance from 
upper end, b= width of trough, k = depth. The depth at the 
outflow end approximately equals the critical depth: 
H = (q*l?/gb?)! where 1 =length of trough. This is confirmed 
by experiment. Using this relation to evaluate C, we find: 
(h/H)* —3(h/H) +2(x/l)?=0. The maximum depth, which 
occurs at upper end, is hm = 3!H. Comparison with observa- 
tions shows that, when the maximum depth is about the 
same as the trough width, the discrepancy is of the order of 
5 percent. (10 minutes.) 


33. The National Hydraulic Laboratory. H. N. Eaton, 
U. S. Bureau of Standards. (Introduced by L. J. BriGGs.)— 
The greatest advances in science of hydraulics have been 
made through controlled experiments in the laboratory, 
frequently, though not always, guided by theory. Until the 
beginning of the present century, however, hydraulic 
laboratories were relatively few and progress was corre- 
spondingly slow. About thirty-five years ago, what has 
been called aptly ‘the new awakening in hydraulic 
research”’ began to spread through Europe as a result of 
model experiments on river problems in the laboratory of 
Engels in Dresden, and during the next 20 years labora- 
tories were built in all parts of Europe. When the awakening 
reached the United States about 15 years ago, we had no 
hydraulic laboratories comparable with the best in Europe. 
The movement to establish a National Hydraulic Labora- 
tory was a concerted effort on the part of the engineering 
profession to remedy this situation and to have a large 
adequately-equipped laboratory established in this country 
for the purpose of carrying out hydraulic investigations 
which require continuous work over relatively long periods 
of time and which are often too expensive to be conducted 
by most engineering colleges. (By invitation, 15 minutes.) 
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34. Spectra of Cb V and Mo VI. M. W. Trawick, 
Cornell University—The rubidium-like spectra of colum- 
bium and molybdenum have been excited in a vacuum 
spark and measured by means of a vacuum spectrograph. 
Identifications of lines’ corresponding to the transitions 
5s *S—5p *P, 5p *P—S5Sd *D, 5p *P—6s *S, 4d *D—5p ?P, 
and 4d *D —4f ?F for Cb V and Mo VI have been facilitated 
by extrapolation of the frequencies of the corresponding 
lines in the spectra of the four preceding elements in the 
Rb I isoelectronic sequence. The relative term values 4d 2D, 
5s *S, 5p *P, 4f 2F, 5d *D, and 6s *S have thus been de- 
termined. The Rydberg formula applied to the 4d *D—5p 
S5p*P —5d *Dand 5s *S—5p*P, 5p *P —6s *S transitions 
gives results for the absolute term values, which, after 
correction by the method of Russell, are in substantial 
agreement with the values found, when An =0, by extra- 
polating v! for the terms of the sequence in such a way as to 
maintain the validity of the irregular doublet law. 


35. The Configuration pp of the Rare Gases. GEORGE 
H. SHortey, Princeton University—Quantum mechani- 
cally, the ten energy levels of the configuration p*p are given 
as the solutions of a quartic, a cubic, a quadratic, and a 
linear equation involving six parameters (radial integrals): 
three electrostatic, two spin-orbit, and one giving the 
absolute height of the configuration. These equations are 
difficult to handle and to visualize. But by neglecting the 
interaction between states which have different levels of the 
2P of the p* ion as parents in the jj-coupling scheme, one 
obtains six linear and two quadratic equations which are 
very easy to handle. This approximation is quite valid for 
the higher series members of neon and argon (6p, 7p, 8p) 
and for all members of p*p for krypton and xenon. One of 
the parameters is given by the splitting of the parent 
doublet, and if the others are determined from some of the 
levels the calculated positions of the rest agree better with 
the observed data than has been the case for any con- 
figuration except ps and d®s. This gives the states exact 
specification in the jj-coupling scheme, which permits 
calculation of intensities, Zeeman effect and Stark effect for 
these configurations. A similar reduction has been made for 


pid. 


36. Configuration Interaction in Complex Spectra. C. W. 
UFForD, Princeton University—The electrostatic inter- 
action, 2(e?/ri2), between the multiplets in Russell- 
Saunders coupling of the electron configurations dns, 
ds*, d*? and d*(n+1)s has been calculated and compared 
with experiment for Ti II and Zr II. The matrix elements 
between the quartets of d*s and d* vanish. Since there is no 
electrostatic interaction between different kinds of multi- 
plets, interactions exist between all the doublets and 
between the quartets of d’ms and d?(mn+1)s. This means 
that these multiplets cannot be assigned to any single 


Industrial Building, Room 301 


electron configuration, but have eigenfunctions which are 
linear combinations of those of the multiplets belonging to 
each configuration separately. Secular equations are 
obtained for the energy levels, the order of each equation 
being equal to the number of multiplets of the same kind 
which occur in all the electron configurations. The energy 
levels obtained as solutions of these equations still contain 
integrals over the radial parts of the central field eigen- 
functions as parameters. Only 7 parameters are used to 
determine the 16 energy levels to be compared with 
experiment. The energy levels agree distinctly better with 
the observed values than do those calculated neglecting 
configuration interaction. 


37. The Interaction of a Valence Electron with a Closed 
Shell. M. H. Jounson, Jr. (National Research Fellow) anv 
G. Breit, New York University, University Heights.—The 
magnetic interaction terms between two electrons are well 
known (Heisenberg, Zeits. f. Physik 39, 499 (1926); Breit, 
Phys. Rev. 34, 553 (1929)). By using antisymmetric wave 
functions the diagonal terms of the energy matrix for this 
interaction are calculated for an electronic configuration 
consisting of a valence electron and a closed shell. From the 
diagonal elements the doublet separation is easily obtained 
by applying the energy sum rule. The direct integrals, that 
is terms which would occur even though the wave functions 
were not symmetrized for the Pauli principle, yield the 
expected contribution to the doublet separation, namely 
the energy due to the interaction of the spin of the valence 
electron with the electric field produced by the closed shell. 
The exchange integrals give a contribution which decreases 
the doublet separation in the special cases examined. An 
attempt has been made to evaluate them for the f terms of 
the Cs I by using approximations to Hartree functions for 
inner shells and hydrogenic functions for the valence 
electron. The effect apparently is too small to account for 
the inversion of the doublets but because of the sensitivity 
to the type of wave functions used this result is not certain. 


38. Atomic Wave Functions. F. W. Brown aAnp C. G. 
Dunn, University of Illinois. (Introduced by J. H. BARTLETT.) 
—A Hartree field for normal boron has been found, and the 
radial electron functions represented by analytic expression 
of the form devised by Slater. The energy parameters for 
the 1S, 2.S, and 2P electrons are found to be approximately 
15.50, 0.915, and 0.437, respectively, in units of the 
ionization potential of hydrogen. 


39. Perturbations Due to Spin-Orbit Forces in CO and 
Other Band Spectra. J. H. VAN VLECK, University of 
Wisconsin.—The perturbations encountered by Rosenthal 
and Jenkins (Proc. Nat. Acad. 15, 381 and 896 (1929)) in 
the CO Angstrom bands were shown by them to be due to 
disturbance of a ‘II by a “II state. This contradicted 
Kronig’s rule that perturbations exist only between 
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states of like multiplicity. Kronig, however, considered 
perturbations which are due to rotational distortion. It is 
shown that magnetic ‘‘spin-orbit’’ forces cause perturba- 
tions between ‘II and “II, as well as between the following 
other pairs (12, *11), (I, *2), (@2, If the is nearly 
case a, then ‘II is perturbed strongly by “II; and weakly by 
3119, *Ilz, while just the reverse is true in case }. In inter- 
mediate cases, all three components of “II are effective 
perturbers of ‘Il and cause distortions comparable with 
those due to the Kronig rotational effect, except that the 
latter increase more rapidly with J. Allowance for A- 
doubling increases the number of perturbing components 
from three to six, about the number found by Rosenthal 
and Jenkins. The Zeeman behavior agrees with Watson's 
observations if the *II perturber is more nearly case b than a. 


40. The Structure of Ethylene and the Theory of the 
Double Bond. W. G. PENNEY, University of Wisconsin. 
(Introduced by J. H. VAN ViEcK.)—Calculations have 
been made by the Heitler-London method to determine 
which of several plausible arrangements of the ethylene 
molecule is the most stable. The wave functions for the C 
atoms are based on the aggregate configuration sp*; 
consequently the Coulomb energies are the same for all 
models. The signs and magnitudes of the various exchange 
integrals can be determined from the work of Bartlett, 
Mulliken and others. It appears that the model involving 
strictly tetrahedral wave functions, suggested by Pauling 
and Slater, is not as stable as another type of plane model 
which utilizes a somewhat different choice of directed wave 
functions. The electrons constituting the double bond in the 
tetrahedral configuration are not as favorable an arrange- 
ment as that involving one *—zx bond and another 
(o, s)—(¢, s) directed along the C—C axis. The hybridiza- 
tion terms are of paramount importance, and to get the 
full benefit of them, the HCH angle must be large, perhaps 
about 140°. Another possibility, more difficult to eliminate, 
is that where the HCH angle is a right angle, and the HCH 
planes are parallel to each other, an arrangement which 
possesses the curious property of free rotation around the 
C—C joint. Again, it is the hybridization terms which lead 
to the rejection of this model. 


41. Note on Contact Potential Difference. A. T. WATER- 
MAN, Yale University.—Assuming Fermi distribution among 


the conduction electrons in a metal the condition for 
equilibrium between two metals in contact at the same 
temperature is: A,;=Az2 exp (Vi:— V2)e/kT, where A, the 
Fermi constant, is given here by log A = {/kT, ¢ being the 
thermodynamic potential (Sommerfeld’s W,), and V is the 
average potential within the metal. Thus ¢:—f2=(Vi 
— V2)e, (the Volta or junction P.D.). If the work functions 
of the metals are different electrons will be displaced across 
the boundary. Let V=w-+ve, where w/e = intrinsic potential 
(Sommerfeld’s W,), and v=potential due to loss or gain of 
electrons. Then (v;—v2)e=¢2—¢1, where ¢=w-—{, the 
thermionic work function. If v;—v2 is taken to be the 
contact P.D. it has the correct value and sign, and is 
interpreted as the P.D. between the metals themselves (in the 
ordinary sense), in a manner similar to the P.D. of a 
charged condenser. On examination this interpretation 
appears to be consistent with the facts. This P.D. is shown 
to exist between any metals whose thermionic atmospheres 
are in communication, is strictly independent of the 
distance between them and independent of temperature in 
so far as are ¢ and w. 


42. The Constitution of Metallic Sodium. E. WIGNER 
AND F. Seitz, Princeton University—The free-electron 
picture of metals is employed in an investigation of the 
binding properties of metallic Na, such as heat of evapor- 
ization, lattice constant, and compressibility, under the 
assumption that the forms of the closed shells are not 
altered by metallic binding. The boundary conditions to be 
satisfied by the wave functions of the outer electrons are 
derived from consideration of crystal symmetry and the 
work of Bloch. The Schroedinger equation for each 
electron is approximated by a spherically symmetric one 
about each atom which is solved by using the field of 
Prokofjew. The extent to which interactions of electrons 
are contained in the picture is discussed. It is found that to 
each value of the lattice constant, d, there corresponds a 
definite energy that is to be associated with the electron in 
the lowest state. This energy is determined as a function of 
d. Because of the Pauli principle, only two electrons will 
possess this energy and the mean energy of all of the 
electrons is obtained by adding an appropriate correction. 
The resulting curve possesses a minimum below the energy 
of the free atom, and from its characteristics the binding 
properties are determined with favorable agreement. 


43. Crystal Structure of Sodium Uranyl Acetate. I. 
FANKUCHEN, Cornell University.—Powder, rotation, and 
oscillation photographs of sodium uranyl acetate were 
made. The powder photographs showed that it is cubic, 
a=10.69A and there are four molecules to the unit cell. 
Independently, De Jong, in Physica 10, 101 (1930) on the 
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basis of powdered crystal measurements reported a 
= 10.690A, and assigned it to space group T‘. Rotation and 
oscillation studies confirmed this space group assignment 
but necessitated a revaluation of parameters. The structure 
is like that of sodium chlorate with the UO, group corre- 
sponding to the chlorine and the acetate groups to the 
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oxygen of the sodium chlorate. The parameter for uranium 
is 0.42, that for sodium is 0.06. The location of the acetate 
groups is quite indeterminate. 


44. X-Ray Diffraction Study of Vitreous Silica and Pyrex. 
B. E. WARREN, Massachusetts Institute of Technology.— 
X-ray diffraction patterns of vitreous silica and pyrex glass 
have been made with radiation Cu Ka. The silica pattern 
shows a broad but rather strong peak at a scattering angle 
corresponding to d =4.32A in the Bragg Law. The pattern 
from pyrex is very similar, the peak occurring at an angle 
corresponding to d=4.26A. The atomic grouping in 
vitreous silica must be essentially the same as found in the 
silicates, each silicon tetrahedrally surrounded by four 
oxygens and each oxygen shared between two tetrahedral 
groups. These conditions are so flexible that a number of 
crystalline arrangements and also a non-crystalline random 
network would be possible. A systematic attempt has been 
made to interpret the pattern in terms of non-crystalline 
diffraction. It appears to be impossible. The pattern can be 
interpreted as due to very small cristobalite crystals, the 
observed ring being the strong 111 reflexion of cristobalite. 
The spacing d=4.32A is somewhat larger than that 
obtained from large cristobalite crystals (4.11A), but it can 
be shown that direct application of the Bragg Law to tiny 
cristobalite crystals will give too large a spacing due to 
(a) rapidly falling background, (b) effect of structure factor 
in determining the intensity maximum. 


45. A Method of Doubling the Energy of Electrons Ob- 
tainable in a Sloan Type Tube and of Measuring e/m 
at a Million Volts. Jesse W. M. DuMonp, California 
Institute of Technology.—The freely suspended Tesla coil 
developed at Berkeley by Sloan under the leadership of E. 
O. Lawrence permits the generation of H.F. voltages of the 
order of 10° with wave-lengths of 20 to 40 meters. The 
author proposes and describes in some detail a technique in 
which electrons emitted from the high voltage terminal of 
the Tesla coil are accelerated into a field-free space, focussed 
by a magnetic “lens” on a magnetic ‘‘mirror,” then reflected 
back and refocussed by the same magnetic lens on a target 
adjacent to the cathode and supported by the free end of 
the Tesla coil. The distance from target-cathode to mirror 
is about one-fourth the wave-length used to excite the 
Tesla coil and since the electrons have nearly light velocity 
they will receive two accelerations of a million volts each, 
impinging on the target with an energy of two million volts. 
The device permits of obtaining not only very hard x-rays 
with which the author proposes to perform fundamental 
investigations in scattering similar to his own in the field of 
softer radiation and those of Gray and Tarrant with 
gamma rays but also offers excellent promise as a method of 
studying e/m (both “transverse” and “longitudinal’’) for 
these high energy electrons with considerable precision. 


46. The K Series Spectrum of Tungsten. J. C. Hupson 
AND H. G. Voct, Harvard University —The components of 
the Kg x-ray doublet have been completely separated and 
the Ky doublet has been resolved for tungsten. A 6 line 
previously found by Armstrong and lying very near the 


absorption limit has also been recorded. The investigation 
was carried out by using the Bragg focusing arrangement 
with calcite as the diffracting crystal. The distance from 
the slit used as a source to the axis of the spectrometer was 
about six meters and a lever arm and cam served to 
oscillate the crystal through an arc of five minutes for each 
setting. On the photographs the a lines are separated by 
more than 9 mm. The wave-lengths of the 8, y and 6 lines 
have been determined with reference to the a2 and a; lines, 
whose wave-lengths have been taken as 0.21341A and 
0.20860A respectively (d for first order reflection from 
calcite is taken as 3.028A). Measurements of the distances 
between the lines on the photographs give the following as 
the wave-lengths in angstroms: 8:= 0.18477, 8; =0.18397, 
v2= 0.17917, y:=0.17899, §6=0.17803. The notation is an 
extension of that used by the Braggs, the subscript 1 
denoting the shorter wave-length component in each case. 


47. The Widths of the Lines of the K-Series of Tungsten. 
F. K. RICHTMYER AND S. W. BARNES, Cornell Unitversity.— 
With the direct-reading two-crystal spectrometer previ- 
ously described (Phys. Rev. 35, 1428 (1931)) measurements 
have been made of the widths of the several lines of the 
K-series of W". After making corrections for the rocking 
curve widths by the method described in the preceding 
paper, the half-widths at half-maximum are: 


Ka: 0.09 X.U; 22 volts 
KB;: 0.08 29 
KB:: 0.08 29 


Ky: 0.14 X.U; 52 volts 
Ké':0.07(?) 26(?) 


Since Ky is an unresolved doublet, its greater width is to be 
expected. The line designated Ké’ is apparently a line not 
previously reported. Its wave-length is about 178.00 X.U. 
It lies very close to the K-limit, and it has an intensity of 
about one-fifth that of the Ky line. Ké’ may tentatively be 
ascribed to the transition K—>0. The K-limit, uncorrected 
for rocking curve width, has an observed width of about 
0.35 X.U. (140 volts) and extends from about 177.8 X.U. to 
178.2 X.U., taking the center of the Ky line at 178.98 X.U. 


48. The Measurement of the Relative Intensity of X-Ray 
Satellites in Cathode-Ray and in Fluorescence Excitation. 
F. R. Hirsh, JR. AND F. K. RIcHTMYER, Cornell University. 
—A knowledge of the relative intensities of x-ray satellites 
is very important in deciding among the several theories 
proposed for the origin of these lines. Existing data are very 
fragmentary. Accordingly, spectrograms were taken of the 
La doublet with its satellites for elements Mo*? to Ag*? with 
both cathode-ray and fluorescent excitation. The cathode- 
ray excitation was by 20 kv electrons; the fluorescence 
excitation by the radiation from a silver target bombarded 
by 20 kv electrons. The relative exposure-times were such 
as to produce spectrograms of approximately the same 
density. Microphotometric records, taken by the “oscil- 
lating” method (paper in press), were then analyzed to 
determine the ratio of the intensity of the total satellite 
structure to that of the parent line. Preliminary results, 
roughly quantitative, suggest that in cathode-ray exci- 
tation, the satellite intensity is a maximum at Rh* and is of 
the order of 80 percent of that of the parent line. For 
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fluorescence excitation the corresponding ratio lies between 
4 percent and 19 percent for the elements studied, probably 
depending on the “‘line’”’ nature of the exciting radiation. 
The results are rendered somewhat uncertain because the 
satellites lie on the foot of La,, the estimated height of this 
foot being a matter of judgment. The method, however, 
gives promise of yielding more precise results. 


49. Relative Intensities of the K-Series Lines of the 
Elements 24 to 52 by the Ionization Chamber Method. 
Joun H. Wituiams, National Research Fellow, University of 
Chicago.—The validity of the ionization chamber method 
of measuring relative intensities of x-ray beams of different 
wave-lengths has been extended to the region 1.5 to 2.3A by 
the method of Allison (Phys. Rev. 38, 441 (1931)). By 
using five gases and the Ka lines of alloys of Cr, Fe and Ni 
it was found that the intensity measurements agreed to one 
percent. Measurements of thick target relative intensities 
of the K-series of twenty elements, corrected for absorption 
in the air, mica, and cellophane, for the partial reflection by 
the calcite crystal, and for the partial absorption of the 
beams in the ionization chamber, show variations of 62/8; 
and 8;/a, as a function of atomic number. 8;/a; rises 
smoothly from a value of 0.165 at Co” to 0.278 at Cb® 
and then remains approximately constant at 0.28 for the 
higher elements. 82/8, starts from a value of 0.018 at Zn*° 
and rises throughout the range of elements, being 0.205 at 
Pd“, The value of 8,/a: is increased slightly for Cr and Fe 
due to the presence of satellites. The value of a2/a; is 
approximately 0.50 throughout this atomic range. Equa- 
tions have been obtained for the absorption coefficients of 
mica, cellophane, CH;Br and CHI in significant wave- 
length regions. 


50. Wave-Lengths and Shapes of the K Series Lines 
of Cu, Ni, Co, Fe, and Cr. J. A. BEARDEN AND C. H. SHaw, 
Johns Hopkins University.—Previous work (Phys. Rev. 43, 
92 (1933)) has shown the usefulness of the double crystal 
spectrometer for determining the wave-length and shape of 
x-ray lines. This work has been extended using an improved 
vacuum tube method for measuring the ionization currents. 
The crystals used gave rocking curve widths within about 
10 percent of the theoretical value for perfect crystals. The 
equation 


y=a/(1+(x/b)*] 


has been used to plot symmetrical curves with which the 
experimental curves have been compared. In most of the 


lines the asymmetry suggests unresolved component lines. 
The wave-lengths as measured at the position of maximum 
intensity are in reasonable agreement with the values 
obtained with precision single crystal photographic 
spectrometers. 


51. The Rocking Curve Correction in the Determination 
of the Widths of X-Ray Lines. S. W. BARNEs anp L. D. 
PALMER, Cornell University—The familiar relation be- 
tween true line width, W;, observed line width, Wo, and 
rocking curve width, W,, on the assumption that these 
curves have the shape of the Gauss error curve, is 


W.=(We?—W,?)! (1) 


A corresponding relation, on the assumption that x-ray lines 
and rocking curves have the shape given by the empirical 
relation 


y=a/(1+(x/b)?] 
suggested by Hoyt, has been obtained and is 
Wo- W, (2) 


The width of Ka, of W™ was observed by a two crystal 
spectrometer in the first, second, third and fourth orders. 
The observed widths in first and second orders were 
corrected for the rocking curve widths by Eqs. (1) and (2) 
in turn. Corrections in third and fourth orders are relatively 
small. Eq. (2) gave nearly the same value of W:, approxi- 
mately 0.15 X.U., for all orders. Whereas, according to Eq. 
(1) W; is 0.26 X.U. in first order and approaches 0.15 X.U. 
in higher orders. Since W; should be independent of order, 
Eq. (2) seems preferable. 


52. The Effect of Etching on the Rocking Curve Widths 
of Calcite Crystals. K. V. MANNING, Cornell University.— 
A pair of freshly polished calcite crystals in the (1, —1) 
position gave for \=0.707A, a rocking curve width (half 
width at half maximum) of 15”. After washing with a very 
dilute solution of HCl in water the width decreased to 
about 10”. Further washing with a somewhat stronger 
solution decreased the width to 6”. A pair of freshly cleaved 
calcite crystals gave a rocking curve width of 3’. These 
surfaces were subsequently, and inadvertently, maltreated. 
As a result the rocking curve width increased to 25”. But 
washing with dilute HCl brought the width back to 5”. It 
seems possible, therefore, by this method to produce 
polished crystals with reasonably narrow rocking curves. 
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Paper No. 55 will be read by title. 


53. A Direct-Current Amplifier Circuit. Louis A. 
TURNER, Princeton University—A vacuum tube is used in 
a circuit which is essentially that of the bridge method of 
measuring the amplification factor, u. Current from the 
battery flows through two resistances in series having a 
ratio of u. These are connected to the vacuum tube in the 
obvious way so that any increase in the battery voltage, 
AV, will produce a rise in the plate voltage of amount 
(u/u+1)A V and a simultaneous decrease of the grid voltage 
of (1/u+1)AV. The ratio of these changes being —, the 
plate current remains constant. By using a Western Elec- 
tric 262-A tube, it was found that the compensation was 
better for this circuit than with the same tube in a com- 
parable ordinary single tube compensated circuit. In the 
latter the efficacy of the compensation depends upon the 
constancy of the plate resistance of the tube. Apparently, 
for the 262-A tube yu is more constant than R,. Examination 
of the characteristics of other tubes indicates that this is a 
fairly general property. 


54. Superconductivity of Tin at Radio Frequencies. 
F. B. St-sBeE, R. B. Scott, F. G. BRICKWEDDE, AND J. W. 
Cook, Bureau of Standards.—Calorimetric experiments on 
extruded tin wire carrying radiofrequency currents showed 
that the effective resistance at temperatures slightly below 
the transition temperature (3.7°K) was less than one per- 
cent of that at temperatures slightly above. The transition 
temperatures corresponding to various definite values of 
current and of frequency were observed for (a) direct cur- 
rent, (b) for alternating currents of frequencies ranging 
from 200 to 1200 kilocycles per second, and (c) for com- 
binations of direct and alternating currents. Changes in 
resistance were indicated (a) by the deflection of a gal- 
vanometer connected across the terminals of the specimen, 
(b) by the changes in the readings of a thermoammeter in 
series with the specimen, and (c) by the simultaneous use 
of both. For large currents the transition temperature de- 
creased by substantially the same amount for equal incre- 
ments of the crest value of the resultant current (d.c., a.c., 
or combined a.c. and d.c.). At low currents there appeared 
to be a small difference (about 0.01°C) in the transition 
temperature for direct and for radiofrequency currents. 
This is being further investigated. Except for this, all our 
results including those of combined alternating and direct 
currents can be explained on the basis of skin effect and 
the variation of the transition temperature with magnetic 
field, without additional hypotheses. A conductor can be 
normally resistant to an alternating current and at the 
same time superconducting to a direct current flowing 
through the core inside the skin. This was observed. 


55. Filtration of Elastic Waves in Solid Rods. R. B. 
Linpsay, Brown University.—The theoretical studies 
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previously made and reported (Physical Review 40, 125 
(1932); J. Acous. Soc. Am. 4, 155 (1932)) have been ex- 
tended to the case of the filtration of torsional waves in a 
solid rod, and of longitudinal waves in rods having solid 
rods as side branches. If an infinite cylindrical metal rod is 
loaded at equal intervals of length 2/ with heavy disks 
(with planes perpendicular to the rod) of mass m and 
moment of inertia J about the axis of the rod, the resulting 
structure acts as a low-pass filter for torsional waves. The 
transmission bands are given by +1> cos W> —1, where 
cos W= cos 2kl; and k=w/c=2nv/c, 
a=radius of rod, po =density, c= (u/po)*, where u =rigidity 
modulus. Other things being equal, increase in J decreases 
the cutoff frequency. There is next considered the case of an 
infinite solid cylindrical rod loaded at equal intervals of 
length 2/ with solid side rods (perpendicular to the main 
rod) of length /’. The problem is simplified by the approxi- 
mate assumption that longitudinal waves in the main rod 
set up transverse waves in the side rods. Calculation indi- 
cates that if the side rod has a free end the structure acts as 
a low-pass filter for longitudinal waves in the main rod, 
while if the end of the side rod is rigidly clamped, a high- 
pass filter results. The transmission band characteristics 
are rather complicated. Details will be published shortly. 


56. The Absorption of Sound in Air and Water Vapor. 
V. O. KnNupsEN, University of California at Los Angeles.— 
By measuring the rates of decay of pure tones in two steel 
chambers—one a six-foot cube and the other a two-foot 
cube—it is possible to determine the absorption coefficient 
of any gas within the chambers. The absorption coefficient 
m is defined by J =Ipe~”"*, where I/Jo gives the fractional 
reduction in the intensity of a plane wave after traveling a 
distance x. Measurements have been made in air for fre- 
quencies between 500 and 11,000 cycles, at relative humidi- 
ties between 0 and 100 percent, and at temperatures be- 
tween 18°C and 55°C. The coefficient m increases with an 
increase of either frequency or temperature; at any one 
frequency and temperature m has a maximum for a certain 
concentration of water vapor. Thus, at 3000 cycles and 
20°C, m has a maximum (1.81074 cm) at a relative 
humidity of about 4 percent, and at 6000 cycles the 
maximum (4.1 X10~* cm~') occurs at a humidity of 8 per- 
cent. At lower humidities, and for all frequencies tested, m 
drops off rapidly, sinking to values below 1.010~‘ for 
nearly dry air. At higher humidities the values of m agree 
satisfactorily with those published two years ago (V. O. 
Knudsen, Jour. Acous. Soc. III, 1, 126-138 (July, 1931)). 
As the temperature increases from 18° to 55°C, m increases 
at least three or four fold. A probable explanation of these 
results may be expected from a consideration of the trans- 
fer of energy at collisions. (See following abstract by H. O. 
Kneser.) 


57. The Transfer of Vibrational Energy between Mole- 
cules. H. O. KNESER, University of California, Berkeley. 
(Introduced by V. O. KNupsEN.)—Sound absorption in air 
is to a large extent due to the finite rate of adjustment of 
the thermal equilibrium between vibrational energy and 
rotational translation energies (H. O. Kneser, Ann. d. 
Physik 16, 337 (1933)). The results of V. O. Knudsen (see 
preceding abstract) can be accounted for by assuming that 
the rate is proportional to the number N of H:O molecules 
present. Assuming only one constant, the absorption coeffi- 
cient m can be calculated as a function of N and w (sound 
frequency) and is found to agree very satisfactorily with 
the observed (m—mp) values (mo being the absorption co- 
efficient at N =0) over the whole range of N and w to which 
the experiments have extended. Also at higher temperature 
the agreement seems to be good. From this the conclusion 
can be drawn that the probability of the transition v=0 
<«>v=1 of the O, molecule at a collision is about 10‘ times 
greater if the colliding particle is an H2O molecule than if 
it is an O2 or Ne molecule. Moreover the fact that the maxi- 
mum absorption occurs at the same value of N at different 
temperatures indicates that the excitation of vibrational 
quanta does not require energy of activation. 


58. The Entropies of Nitrogen, Carbon Monoxide, and 
Hydrogen from 1 to 1200 Atmospheres and from —70°C 
to 400°C. W. Epwarps DEMING AND Lora S. DEMING, 
Bureau of Chemistry and Soils, Washington, D. C-—With 
the authors’ graphical method (Phys. Rev. 37, 638 (1931); 
38, 2245 (1931); 40, 848 (1932)) of evaluating derivatives 
from observational data, it is possible to use p, v, T data of 
a gas to get values for the expansion coefficients (7/v) 
X(dv/dT)», —(p/v)(dv/dp)r, and for —T(d*%v/dT*), at 
temperatures and pressures covered by the data. From 
these derivatives, various thermodynamic properties of 
the gas can be calculated and plotted along isotherms and 
isobars. Some of these properties have been tabulated in the 


references cited above. A graphical evaluation of the inte- 
gral —_f(»(dv/dT),dp along an isotherm gives the change in 
entropy brought about by increasing the pressure from 1 
to p atmospheres at temperature 7. When this integral is 
added to the entropy at 1 atmosphere, the result is the en- 
tropy at temperature T and pressure p. If the gas were ideal, 
the integral would be —R In p. Actually, for nitrogen, car- 
bon monoxide, and hydrogen, the integral is always greater 
in absolute value than R In p. The difference is greater as T 
decreases and p increases, and is more for nitrogen and car- 
bon monoxide than for hydrogen. Curves are plotted show- 
ing the entropy of the three gases along isotherms between 
—70°C and 400°C from 1 to 1200 atmospheres. 


59. Thermal Conductivity of Metals in the Range 0° 
to 600°C. M. S. VAN DuseEN AND S. M. SHELTON, U. S. 
Bureau of Standards.—The thermal conductivities of a 
number of metals and alloys have been measured in the 
range 0° to 600°C. The method used gives directly the 
variation of conductivity with temperature, but absolute 
values are obtained by comparison with pure lead, the con- 
ductivity of which at ordinary temperature is fairly well 
established. If later considered necessary an absolute deter- 
mination of the conductivity of the lead used as the stand- 
ard can be made at one temperature under conditions most 
conducive to accuracy, and all results reduced to this basis. 
The change of conductivity with temperature is deter- 
mined by measuring the temperature distribution along a 
cylindrical bar, one end of which is heated and the other 
cooled. Heat loss from the convex surface is minimized by 
a surrounding guard tube. For the comparative measure- 
ments, the bar is soldered end to end with a standard bar of 
the same diameter, and similar measurements made. Data 
have thus far been obtained on a number of technically im- 
portant metals, principally ferrous alloys and nickel chro- 
mium alloys. Some investigation has been made of the use 
of thermal conductivity measurements as a tool in metal- 
lurgical research. 


Paper No. 63 will be read by title. 


60. The Response of a Chromic Acid Desensitized 
Emulsion to Alpha-Rays. T. R. WILKINS AND R. N. WOLFE, 
University of Rochester.—It has been found that the lumi- 
nosity produced in theair through which alpha-particles pass 
produces a considerable photographic density. In some of 
our experiments this amounts to as much as 50 percent of 
the densities measured. The difference in the penetrations 
of alpha rays and light, the difference in the response of the 
halide grains to these two radiations as well as the usual 
difficulties in fog corrections (see R. B. Wilsey—The 
Photographic Journal LXV, 454-458 (1925)) make it im- 
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possible to separate these effects. This difficulty has been 
overcome by chromic acid desensitization of the plate to 
light. The response of the emulsion to alpha rays is only 
moderately reduced. A family of curves repfesenting the 
photographic densities due to alpha rays of varying number 
with speeds from 0.42 to 0.76 V» Ra C fit the general equa- 
tion D= Dax (1 —e~“), where D is the diffuse density and 
N=number of alpha-particles/sq. cm/sec. 


61. The Influence of Frequency of Flash on the Photo- 
graphic Intermittency Effect. BRIAN O'BRIEN AND VERNON 


L. Parks, Institute of Optics, University of Rochester, N. 
Y.—The dependence of the photographic intermittency 
effect upon frequency of flash, intensity, and wave-length 
has been investigated below optimal intensity for three slow 
speed emulsions from 3500 to \6400A using sectors with 
ratio of flash to total period as small as 1/366. Since both 
the character of the emulsions and the sector ratios chosen 
result in a large intermittency effect, the critical frequency 
above which no further change in density occurs can be de- 
termined with some precision. Under these conditions the 
intermittency and reciprocity defects become equal as al- 
ready reported (Phys. Rev. 37, 471 (1931); 41, 387 (1932)). 
An optical sensitizer which decreased the speed of one 
emulsion at \4500A by one-half did not alter gamma, the 
magnitude of the intermittency effect, or the critical fre- 
quency at this wave-length. If the effective receptor area of 
a halide grain is a function of the wave-length, the present 
observations are in approximate agreement with the recent 
suggestion by Webb (Bull. A. P. S. February, 1933) that 
the critical frequency coincides with one quantum per 
grain per flash. 


. 62. Remarkable Optical Properties of the Alkali Metals. 
R. W. Woop, Johns Hopkins University —The optical 
properties of films of the alkali metals deposited at liquid 
air temperature, reported at the last meeting, have been 
more fully investigated. Potassium behaves as a metal in 
the visible spectrum and down to \=3000, below which 
point it behaves like a transparent substance giving plane 
polarization by reflection at an angle of about 35°. A film, 
so thick that the sun’s disc is invisible through it, shows 
Newtonian interference bands from the Ist to the 5th order 
in the spectrum of the reflected light, between wave-lengths 
3000 and 2000. The thickness of the film was determined by 
titration with phenolphthalein. 


63. Photoelectric Effect of Caesium Vapor. JakosB KuNz, 
University of Illinois——The ionization efficiency curve of 
caesium vapor has been determined by Mohler, Foote and 
Chenault, by my students Little and Cooke, and by Law- 
rence and Edlefsen. The results obtained are in agreement, 
except those of Lawrence and Edlefsen, showing a pro- 
nounced minimum between 2700 and 2800A. The direct 
method applied by Little and Cooke suffered from thermi- 
onic emission of caesium metal deposited on the electrodes 
and the walls of the pyrex tube. The new method indicated 
in Phys. Rev. 39, 866 (1932), has now been applied in two 
different ways and the minimum in the efficiency curve has 
again been established even in vapor at ordinary tem- 
perature. 


64. Spontaneous Recombination and the Effect of 
Vapor Pressure in a Caesium Discharge. F. L. MOuLER, 
Bureau of Standards.— Measurements of the continuous re- 
combination spectra emitted by the positive column (Phys. 
Rev. 43, 374 (1933)) have been extended to lower pressures. 
Below 3, there is little change with pressure and the in- 
tensity is proportional to the square of the electron concen- 
tration. The effective area g for recombination of 0.3 volt 
electrons into 2P at zero pressure is 1.7 X10~*! cm?. There 
is a nearly linear increase with pressure at a rate to double 


q at 9x. Since qv’ (v is electron velocity) is a transition 
probability, this means that the transition probability is a 
function of the pressure. There is a strict proportionality 
between line intensity and continuous intensity at higher 
pressures and one is led to the surprising conclusion that 
the transition probability for line emission depends on the 
pressure. Some support is found for this view in the expla- 
nation that has been given for photo-ionization by line ab- 
sorption (Bur. Standards J. Research 5, 51 (1930)). 
Results indicated that excited atoms either become ionized 
or revert to normal upon collision. If it is assumed that they 
radiate when they do not become ions, then the radiation 
probability is a linear function of pressure. 


65. Conductivity of a Rare Gas Irradiated with Its Own 
Resonance Radiation. O. S. DUFFENDACK AND R. W. 
SmitTH, University of Michigan.—Previous experiments 
(Phys. Rev. 43, 374 (1933)) on the effect of impurities on 
the conductivity produced in Ne and He irradiated with 
their own resonance radiations have been extended to in- 
vestigate the processes contributing to the observed con- 
ductivity. It has been found that probe measurements 
made with unguarded collectors in the irradiated gas are 
liable to misinterpretation because of large edge effects. 
When guarded parallel plane collectors are used, no mea- 
surable current (<10-" amp.) is obtained unless the col- 
lectors are oriented so that the direct primary radiation 
passes between them. Glass shields prevent any appreciable 
direct or reflected light from striking the collector faces. 
These results indicate that propagation of resonance radia- 
tion by diffusion down the tube is negligible when impuri- 
ties are present, though the relatively large conductivities 
observed in pure gases are difficult to explain on any other 
basis. Furthermore the diffusion of metastable atoms is an 
unimportant factor. The currents measured between the 
guarded plane collectors do not attain even approximate 
saturation values at the radiation intensities from arcs of 
50-200 m.a. current 20 cm from the collectors. In agreement 
with the observations of Penning (Zeits. f. Physik 78, 454 
(1932)), experiments using a glow discharge of 1 to 5 m.a. 
as a source indicate that saturation currents may be ob- 
tained at these lower light intensities. 


66. Pressure Effects of Foreign Gases on the Sodium 
Resonance Lines. HENRY MARGENAU AND WILLIAM W. 
Watson, Yale University.—The effects of foreign gases on 
the D-lines of Na are being studied by means of a steel 
absorption chamber, in which the Na-vapor pressure is 
kept low while the foreign gas pressure varies between 0 
and 17 atm. Temperatures are such that true line contours 
can be photographed and photometrically evaluated.—Re- 
sults for Nz are: (1) The shift of the absorption maximum 
varies linearly with the relative density of Nz and equals 
0.087 cm™ per atmosphere. (2) Study of the line contours 
reveals marked red asymmetries, most pronounced near the 
base. While the half-value widths vary approximately 
linearly with density (0.36 cm per atmosphere) it is shown 
that “‘quarter-value widths’’ follow an entirely different 
law. Hence the characterization of line contours by half- 
value widths means little. (3) Both D-lines show the same 
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broadening and shift. (4) This pressure shift leads to a 
value between 9 and 10A for the distance of closest ap- 
proach between the excited Na and the N2.—Similar data 
for A and H, will be presented. 


67. Light Excitation by Alkali Ions in the Noble Gases. 
RoBERT E. Houzer, National Research Fellow, University 
of Chicago.—By a method similar to the one recently de- 
scribed (Phys. Rev. 43, 365 (1933)) measurements were 
made on the excitation of light by four alkali ions, Lit, Nat, 
Kt, and Cs* in three of the noble gases He, Ne, and A. It 
was found that the positive ion accelerating potential for 
which light excitation in the gas was first observed was 
lowest for the alkali ion closest to the particular gas in the 


periodic table. In He, Li*+ produced observable excitation 
at a potential lower than the other three ions studied. The 
same was true for Na* in Ne and K* in A. It is interesting 
to note that the conciusion drawn from the cases of light 
excitation studied corresponds to the generalization of 
Beeck and Mouzon who found that in a particular noble 
gas ionization was produced at the lowest potential by the 
alkali ion which was closest to that gas in the periodic table. 
Light excitation was observed at potentials considerably 
lower than the potentials at which ionization is produced. 
In those cases where adequate data on ionization by positive 
ions exist, excitation was observed at potentials approxi- 
mately fifty percent below the reported ionization poten- 
tial. 


68. The Nature of Gas Ions. OvERTON LuHR, Massa- 
chusetts Institute of Technology.—Improved apparatus and 
technique have been employed to extend previous measure- 
ments of the mass of positive ions in a glow discharge 
(Phys. Rev. 38, 1730 (1931)). Further progress has been 
made in determining the nature of normal! gas ions, and it 
has been necessary to revise some of the conclusions drawn 
in the preliminary work. Nitrogen presents the most inter- 
esting results, with the progressive formation of N;* and 
N,* ions from the primary N* and N,* by attachment to 
neutral molecules after about 10’ or 108 collisions. O*, O2* 
and O;* are found in oxygen, together with a strong peak 
at a point corresponding to a molecular weight of 30, which 
may be NO’, resulting from nitrogen occluded in the walls. 
H+, H;* and H;* are found in hydrogen. In dry air the ions 
consist principally of nitrogen and oxygen ions, with the 
probable addition of NO* and NO,*. Water vapor plays an 
important role unless carefully removed. Negative ions 
have not been observed even in oxygen where conditions 
were such that considerable electron attachment would 
be expected. 


69. Ions in Oxygen and Hydrogen. CHarLes D. Bock, 
Yale University—The magnetic spectrometer with high 
order focusing, described last year at Cambridge, is being 
used to obtain increased intensity in the study of aged ions 
in oxygen and hydrogen. High intensity is obtained by re- 
ducing the number of slits to two and by concentrating the 
ions at the slits in convergent electric fields. The ions are 
generated in a glow discharge. They pass through a gauze 
cathode to drift along the gas stream under their own space 
charge field. In oxygen, at early stages the ions are O,* and 
O;*, the latter, although a transition product, predominat- 
ing. Its disappearance is accompanied by an instability, 
shown as a change to O* after acceleration for analysis. 
O* appears to carry most of the current at a later stage in 
pure oxygen. The presence of 0.5 percent nitrogen, however, 
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makes this transition occur through the N* ion, which at 
one time carries about one-half the current. The ions in 
these measurements were generated in gas of the same 
pressure, the age being controlled through the conditions 
of drift to the first slit. In hydrogen the H* ion predom- 
inates, as one expects, but the unstable H;_,* carries one- 
fifth the current at the age investigated. Other products are 
much weaker. A trace of hydrogen ions found from tank 
oxygen showed the intensity of H3_,* about four times that 
of H*. Study is now being extended to oxygen of much 
higher purity, in order to identify certain other rare 
products observed. 


70. Electron Capture Gross Sections. L. A. YouNG AND 
N. E. BrRapBury (National Research Fellow), Massachusetts 
Institute of Technology.—The process involved in the cap- 
ture of electrons by neutral molecules and atoms is as- 
sumed to be a spontaneous transition from a continuous to 
a discrete state of the system molecule plus electron ac- 
companied by the emission of radiation. Since the many 
electron problem involved for a real system is extremely 
complicated, an attempt has been made in which the mole- 
cule is replaced by an effective potential field. Such a poten- 
tial field can be adjusted as to size and magnitude to simu- 
late molecular conditions. Cross sections for capture are 
calculated for such a model and their variation with elec- 
tron energy of the continuous state studied. These cross 
sections turn out to be of the order of magnitude observed 
experimentally for such electronegative gases as O, and 
CO, and the variation with electron energy is qualitatively 
correct. 


71. A Mass Spectrum Analysis of the Products of 
Ionization by Electron Impact in Nitrogen and Acetylene. 
Joun T. Tate, P. T. SmitH anp A. L. VAUGHAN, University 
of Minnesota.—A mass spectrograph of high resolving 
power has been used to compare the ionization potentials 


of molecular nitrogen and argon. This comparison gives the 
ionization potential of Nz as 15.65 0.02 electron-volts or 
lower than that of argon. The probable error given is calcu- 


lated from the variation of the data. A mass spectrum" 


analysis of the products of ionization by electron impact in 
acetylene at low pressures has been made and their ioniza- 
tion potentials determined. Argon was left in the apparatus 
to calibrate the voltage scale. The ions formed with their 
ionization potentials and the estimated probable errors are 
given in the table. The efficiency of formation of the H* ion 


ION C,+ CH*t Ct H* 
I. P. (volts) 11.2 17.8 23.8 22.2 24.5 21.7&25.6 
Error (volts) +0.1 +0.2 +0.3 +0.5 +1.0 +1.0 


increased sharply at 25.6+1.0 electron volts. The CH* and 
C+ ions had as high as 1.5 volts kinetic energy while the H* 
ion had as much as 6 volts kinetic energy. No negative ions 
were found. The carbon isotope C™ was found forming an 
ion of mass 27. The ratio of C™ to C” in this sample of 
C:H: was 1 part in 100. 


72. A Test of the “Momentum Transfer” Theory of Ac- 
commodation Coefficients of Iors at Cathodes. K. T. 
Compton AND E. S. Lamar, Massachusetts Institute of 
Technology.—In a recent paper by one of us, read before the 
National Academy of Sciences, it was suggested that the 
accommodation coefficient for positive gas ions on a metal 
cathode should be less than unity only if the mass of the 
metal atom exceeds that of the ion. In order to test this 
hypothesis, experiments already reported for helium ions 
on molybdenum have been continued for argon ions on 
molybdenum and on aluminum. The cathode to be studied 
was the molybdenum or aluminum bob of a glass pendulum, 
whose deflection gave a measure of the pressure acting, 
and was immersed in the positive column of a low voltage 
argon arc. The pressures on the cathode were due to the 
recoil of those ions which retain some of their kinetic energy 
after neutralization and to radiometric effects resulting 
from heating of the cathode by ion bombardment. From an 
analysis of the data, it was possible to compute an accom- 
modation coefficient for the positive ions. The results indi- 
cate an accommodation coefficient of about 0.79 for argon 
ions on molybdenum, and an accommodation coefficient of 
unity on aluminum. 


73. The Absolute Motion of the Solar System and the 
Orbital Motion of the Earth Determined by the Ether- 
Drift Experiment. Dayton C. MILLER, Case School of 
Applied Science.—Previous reports of the ether-drift obser- 
vations made on Mount Wilson by the writer in 1921, 1924, 
1925, and 1926 have given evidence of a cosmic motion of 


the solar system, but failed to show the earth’s orbital mo- 
tion. A complete reanalysis of the entire series of Mount 
Wilson observations has been made. The ether-drift effect 
in the interferometer, being a second-order effect, correctly 
defines the line in which an absolute motion takes place, 
but does not determine whether the motion in this line is 
positive or negative. The direction heretofore indicated was 
northward; by adopting the alternative direction, south- 
ward in the same line, a new remarkably consistent result 
has been obtained, which gives for the first time definite 
quantitative determinations of both the absolute motion of 
the solar system and the motion of the earth in its orbit. 
The motion of the solar system thus determined has a 
velocity of 208 kilometers per second, and is towards an 
apex having a right ascension of 4 h., 56 m., and a declina- 
tion of —70° 30’. As before, the observed displacement of 
the interference fringes corresponds to about one-twentieth 
of the full velocity. This might be accounted for by an 
incomplete Lorentz contraction, or by a dragged ether. 
This reduced displacement does not invalidate the deter- 
mination of the absolute motion. 


74. Radiation Reaction Forces and The Expanding 
Universe. Ross Gunn, Naval Research Laboratory, 
Washington, D. C.—An earlier suggestion of the author is 
examined. Without assigning special properties to space it 
is shown that great clouds of stars are non-conservative 
systems and that radiation reaction forces play a major role 
in guiding stellar motions. The forces are of importance in 
unsymmetrical stars and evidence is collected to show that 
perhaps all stars are possessed of deep seated thermal asym- 
metries. The forces continually act to increase the mean 
velocity of the stars and the galaxy is calculated to expand 
at a rate which closely approximates the observed rate of 
expansion. From a relation connecting the mean velocity 
of the stars and their age, we deduce from the observed 
motions that the age of the galaxy is about 10'° years. The 
deduced rate of expansion of the galaxy agrees with the ob- 
servational data and is identical in form and numerical 
constant with Hubble’s relation connecting the velocity of 
recession and distances of nebulae. The relation of radia- 
tion reaction forces to the motions of nebulae is considered 
and Hubble’s relation deduced. It seems probable that the 
nebulae were born from parent super nebulae by a process 
much like the stars themselves are thought to have been 
born. Initially the rate of expansion of the Universe was 
small but it has been increasing at a nearly uniform rate. 
Eventually, after the radiations of the nebulae decrease, a 
contraction may readily set in and the final state of the 
Universe will be a highly condensed system of cold stars 
and nebulae describing orbits about their common center 
of gravity. There is no evidence indicating that the expan- 
sion and contraction is periodic. 
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75. Production of Secondaries by Cosmic Rays. Jj. C. 
StREET, Harvard University—Using an arrangement of 
three Geiger Mueller counters placed out of line (at the 
vertices of an isosceles triangle) a study has been made of 
the production of secondary rays in lead screens introduced 
between the upper and the two lower counters. Since no 
single ray traveling in a straight line can pass through the 
three counters a triple coincidence has the significance of 
two or more associated rays. An increase in the frequency 
of triple coincidences has been observed to result upon the 
introduction of the lead and curves of the variation have 
been obtained under various experimental conditions. The 
walls and roof of the building in which measurements are 
taken have a marked effect on the results obtained. A rough 
estimation has been made to determine the average rate of 
production of secondaries. This leads to a value 0.040 for 
the probability that a primary ray will in one centimeter 
path in lead produce a secondary traveling into unit solid 
angle at the average angle necessary for observation (about 
35° with the original ray). If exponential absorption is as- 
sumed for primary and secondary rays it is possible to show 
that single scattering cannot account for the shape of curves 
obtained. This difficulty vanishes if multiple scattering is 
assumed but determination of the absorption coefficients is 
not possible from the present data. 


76. Nuclear Physics Studies Using the Van de Graaff 
Electrostatic Generator. M. A. Tuve, L. R. HAFSTAD, AND 
O. Dau, Carnegie Institution of Washington, Department of 
Terrestrial Magnetism.—A 1-meter diameter air-insulated 
electrostatic generator of the type described by Van de 
Graaff (R. J. Van de Graaff, Phys. Rev. 38, 1919-A (1931); 
R. J. Van de Graaff, K. T. Compton, and L. C. Van Atta, 
Phys. Rev. 43, 149-157 (1933)) has been used with simple 
cascade-type vacuum-tubes for disintegrating various ele- 
ments. The positive ion-source is a hollow-anode low-voltage 
arc, using generators driven by the silk charging-belt 12 
inches wide, 5000 feet per minute, 200uA charging-current. 
With a height of 12 feet from floor to rafters 8 feet apart a 
usual voltage of 600 kilovolts is attained, with a maximum 
of 750 kilovolts, apparently limited with sphere positive by 
its curvature rather than by head-room. Negative voltages 
are somewhat higher. Voltages are measured by a generating 
voltmeter (R. Gunn, Phys. Rev. 40, 307-312 (1932); P. 
Kirkpatrick and I. Miyake, Rev. Sci. Inst. 3, 1-8 (1932); 
P. Kirkpatrick, Rev. Sci. Inst. 3, 430-438 (1932)), checked 
by sparks to a 2-meter sphere and roughly checked by mag- 
netic deflection. Target-currents of 10uA and more are ob- 
tained. All disintegration-observations are made using a 
Wynn-Williams and Ward (C. E. Wynn-Williams and F. A. 
B. Ward, Proc. Roy. Soc. A131, 391-409 (1931)) pulse- 
amplifier. Bombarding with 600-kilovolt protons lithium 
gives two alpha-particle groups, the shorter 19 mm, in 
nearly equal numbers. The boron yield is about 20 times 
lithium, in two groups, the shorter 28-mm group greatly 
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preponderating, with about 4,000,000 incident protons 
per alpha-particle (J. D. Cockcroft and E. T. S. Walton, 
Nature 131, 23 (1933)). Search has been made for neutrons 
from Li, B, and Be bombarded by protons and by helium 
ions, with negative results. A target-shutter eliminates 
spurious effects. Calibrating the amplifier (neutron-recoil 
protons from paraffin) by neutrons from 3 millicuries Po 
on Be showed that 1/25 of Chadwick’s neutron-intensity at 
the target would be detected. Observations are in progress 
on a series of heavier elements, with controls to evaluate 
surface and volume impurities of lighter elements. 


77, The Radioactivity of Beryllium. R. M. LANGER AND 


R. W. Raitt, California Institute of Technology.—The de- 
composition products of Be disintegration have a range in 
air which, according to our measurements, is approximately 
1 cm. Aluminum foil 1 thick cuts out about 40 percent of 
the ionization. Such a-rays produce about 4 X 10‘ ions along 
their path. The ionization currents (7 X10* ions per second 
from 100 cm? of Be surface) from Be samples corrected for 
radioactive contamination then give a means of calculating 
the decay constant of Be. This is \=10-*' sec.—'. This may 
be compared with the helium content of old Beryls. The 
data from the analysis by Strutt of the Acworth Beryls lead 
to a decay constant of the same order of magnitude. There 
is no strong reason to expect that the Condon-Gurney- 
Gamow theory of radioactive disintegration will hold. 
Nevertheless it is of interest to note that even with ap- 
propriate modifications the ordinary formulae utterly fail 
to give the right order of magnitude for the decay rate. 
This is one more indication that the light nuclei, at least, 
are not composed of a-particles. 


78. The Disintegration of Atomic Nuclei by Neutrons. 
D. Harkins, Davip M. Gans HENRY W. 
Newson, University of Chicago.—Many photographs have 
been taken to show the action of high-speed neutrons in 
different gases, such as nitrogen and neon. The former of 
these two exhibits nuclear disintegration much more often 
than the latter. A neutron of energy corresponding to fifteen 
million electron volts has been observed. Disintegrations 
by what has been called ‘‘non-capture” will be discussed. In 
disintegrations by capture energy always disappears in the 
process, and is presumably emitted as y-rays. Table I, 


TABLE I. Amount of energy (in 10° electron-volts) which 
disappears in the reaction and is presumably con- 
verted into y-rays. 


+ ni N® Bu + Het 
1. 14(HA) 1.4(FB) 1.3 (FC) 
2. 2.3 (HA) 2.1 (HA) 2.0(FB) 2.0(FB) 2.3 (FC) 
3. 2.6(HA) 2.8(FA) 2.5 (FC) 
4. 3.7(HA) 3.8(FA) 3.8(FA) 3.9 (FB) 
5. 5.0(FC) 5.8 (FC) 
6. 11.9 (HA) 
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which gives the values thus far obtained by Feather, and 
by the writers, is more extensive than that published earlier, 
but still indicates the probability of the existence of definite 
nuclear energy states. 


79. The Angular Distribution of Protons Projected by 
Neutrons. F. N. D. Yale University —A small 
brass cylinder containing a piece of beryllium, through 
which a hole has been bored, is placed with this hole along 
the axis of an automatic cloud chamber. A linear polonium 
source (about 2 millicuries) in this hole produces neutrons 
on striking the beryllium. We thus have a “neutron gun” 
which fires neutrons radially into the cloud chamber. From 
the surface of the brass cylinder, which is covered with 
paraffine, protons are projected. A special reprojection 
scheme enables one to measure the angle between a radius 
vector (direction of motion of the neutron) and the direc- 
tion of motion of the proton. The distribution-in-angle of 
these protons exhibits a maximum at 0° though some are 
found up to 75°. A correction is applied for the volume of 
the paraffine effective in scattering, but no account is taken 
of the possibility of the neutron being scattered before it 
projects the proton observed. This distribution is in dis- 
agreement with the behaviour of both the models of the 
neutron considered by H. S. W. Massey (Proc. Roy. Soc. 
A138, 460 (1932)). One is tempted to conclude that the 
neutron is not a proton-electron combination. The high 
speed f-particles noticed by Auger are observed. 


80. The Discovery of the Free Positive Electron. 
Cart D. ANDERSON, California Institute of Technology.— 
A group of 1300 photographs of cosmic-ray tracks, in a 
vertical Wilson chamber in a homogeneous magnetic field 
of 15,000 gauss, included 15 tracks of particles of positive 
charge which could not have a mass as great as that of the 
proton. It is concluded from an examination of the energy 
loss and ionization that the charge is less than twice, and is 
probably exactly equal to, that of the proton. The curva- 
tures and ionization produced require the mass to be small 
compared to that of the proton, and of the same order of 
magnitude as that of the free negative electron. Because 
they occur in groups associated with other tracks it is con- 
cluded that they must be secondary particles ejected from 
atomic nuclei. 


81. Relative Abundance of the Neon Isotopes. WALTER 
BLEAKNEY, Princeton University.—The neon isotopes were 
examined with a mass-spectrograph in both the first and 
second “‘orders.’’ Rare gas hydrides seem never to exist in 
the doubly ionized state, hence the results in the second 
order are probably free from the uncertainties usually ex- 
perienced with singly charged ions. At the very low pres- 
sures used in this experiment even the formation of singly 
charged hydrides is very unlikely as shown by the agree- 
ment of the relative intensities in the two orders. The in- 


tensities found were : : *Net+=100 : 8.2 : 0.28 
and : : 9.2 : 0.30. The occur- 
rence of *‘Ne** here and in earlier work by Bainbridge 
would seem to establish the existence of this isotope beyond 
any doubt. However, no trace of an ion of mass 23 could be 
found in either order, whereas 1 part in 10,000 of the other 
neon isotopes should have been detected. This result is in 
contradiction to the recent work of Kallmann and Lasareff, 
where evidence was found for an isotope of mass 23. The 
results presented here would indicate that they were 
observing **=Ne 'H* also of mass 23. 


82. The Isotopic Constitutions of Krypton, Mercury, 
Selenium, Cadmium and Germanium. K. T. BAINBRIDGE, 
Bartol Research Foundation of the Franklin Institute —The 
results for Kr, Se, and Cd check with Aston’s analyses. 
There is no evidence for 9 percent of Se®! as Johnston has 
suggested. Cd'°* and Cd"8, found in band spectra, have 
not yet been observed, probably owing to the technical 
difficulties encountered in taking sufficiently long exposures 
with cadmium and the small abundance of these isotopes 
with respect to the others. The spectra of mercury could not 
show Hg"™*, Hg’*’, and as sufficiently long exposures to 
test for their existence have not yet been made. Lines of 
mass 71, 75 and 77 attributed to Ge”, Ge, and Ge”’ by 
Aston are mainly if not entirely hydrides of Ge™, Ge”, 
and Ge”. 


83. A Statistical Investigation of an Assembly in Equi- 
librium in Which All Possible Transmutations Can Occur. 
T. E. Sterne, National Research Fellow, Harvard Uni- 
versity and the Mass. Inst. of Technology.—lf (a) all nuclei 
are made of protons and neutrons, and if the electron is a 
third independent particle, then there are four parameters 
which determine the statistical state of such an assembly: 
t’, n, £ and T (the absolute temperature). If (b) all nuclei 
and neutrons are made of electrons and protons, then £ 
and ?’ are identical. In cases (a) and (b), for any composite 
nucleus of mass number M, and atomic number N, there 
exists a parameter yu, given by 


where 
Q.=c[m,—(M.—N.)m.i— M.mp] 


and is in case (b) the energy required to build the nucleus 
out of electrons and protons. The mean number X, of 
nuclei of the sort s’can be calculated by the equation 


log exp (—er/kT)]. 


It may happen that equilibria of this type are established 
nearly perfectly in the interiors of stars; and the large 
liberation of energy by such an assembly when the tem- 
perature is lowered may be the chief source of the energy 
radiated by certain stars. 
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Paper No. 88 will be read by title. 


84. Electron Diffraction by Stibnite and Galena. A. G. 
Cornell University. (Introduced by C. C. 
—In scattering 20-60 kv electrons by cleavage faces of 
stibnite and galena, the diffraction pattern consists of a 
part which depends on the direction of the incident beam 
and a part which does not. The first includes groups of 
sharp spots lying on concentric circles, in good agreement 
with the lattice arrangement of the crystal surface and 
independent of the inner potential of the crystal. This indi- 
cates large mosaic units and short “free path” for elastic 
collisions. The second part of the pattern consists of inter- 
secting bands of different breadths and directions. These 
arise from ejection of those inelastically scattered electrons 
which try to move in the forbidden ranges of direction dis- 
cussed in Morse’s theory of electrons in crystals. According 
to the theory, each band should enclose the line to which it 
collapses in the limit of uniform crystal potential. Instead, 
one edge of the band is found to coincide with the line. In 
addition to the bands, and also independent of the incident 
beam, there is a system of rings concentric with the circles 
of spots. This appears to result from inelastic collisions fol- 
lowed by glancing angle scattering by a one-dimensional 
grating and involves the effect of a refractive index. 


85. Electron Diffraction by Transmission Through 
Liquids. Lours R. MAXWELL, Bureau of Chemistry and 
Soils, Washington, D. C.—A new type of electron inter- 
ference has been obtained by the transmission of electrons 
(14 kv to 30 kv) through thin liquid films. The films were 
mounted on a small wire loop and thinned down almost to 
the stage where optical interference rings become visible. 
The substance used was ordinary vacuum pump oil because 
of its low vapor pressure and suitable surface tension. The 
films would break after one to two minutes bombardment 
by the electrons; this however was ample time to obtain 
several photographs without setting up a new film. The 
diffraction patterns consisted of three complete rings whose 
intensity decreased with increasing angle, and whose values 
of 1/A sin 6/2 were found to be 0.11, 0.23, and 0.40. At very 
small angles (0°-1°) the pattern was characteristic of the 
Debye, Scherer, Hull patterns consisting of a region of low 
intensity surrounding the central spot before the appearance 
of the first ring, in contrast to an intense scattering at these 
angles that would be expected if the molecules were entirely 
free. This suggests that the diffraction is produced by 
groups of molecules in random orientations as postulated 
by G. W. Stewart for x-ray diffraction from liquids. These 
electron diffraction “‘rings’’ are narrower than the usual 
“halos” obtained in x-ray diffraction from liquids. This is 
possibly due to the effect of nuclear scattering for electrons 
which is unimportant in x-ray scattering. 
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86. The Reflection of Electrons from Liquid Mercury. 
RoBERT B. BRODE AND Epwarp B. JorDan, University of 
California.—A beam of electrons was directed against a 
mercury surface and the number of electrons which were 
reflected elastically were measured as a function of their 
direction. The surface was renewed with freshly distilled 
mercury about once a minute. A liquid air trap a few centi- 
meters from the surface aided in keeping the surface clean. 
When the initial beam struck the surface normally the re- 
flected current was symmetrical on both sides. The re- 
flected intensity per unit solid angle was not proportional 
to the cosine of the angle but showed a preference toward 
backward reflection in the direction of the initial beam. 
Measurements were made from 14 to 70 volts. The total 
number of elastically reflected electrons decreased rapidly 
with increasing velocity. However the angular variation of 
intensity did not change much with the speed of the elec- 
trons. The intensity and the angular variation of the re- 
flected electron current are in good agreement with the 
values calculated from the scattering by single mercury 
atoms. Measurements made with the incident beam at 
other angles than normal to the surface are also explained 
by this same assumption. 


87. Liquid Structure in Ionic Solutions. G. W. Stewart, 
State University of Iowa.—The accumulation of information 
concerning x-ray diffraction in liquids, and its interpreta- 
tion, have made possible certain conclusions from similar 
diffraction experiments in ionic solutions. The investiga- 
tions have thus far covered the ionic solutions of lithium 
chloride in n-methyl, n-ethyl, n-propyl and n-butyl alco- 
hols. They show that the cybotactic groups in the alcohols 
are modified by lithium chloride ions, much as if there were 
added a lithium chloride alcoholate to the alcohol. More- 
over the relatively heavy chlorine ions show coherent scat- 
tering, indicating that they cannot be at random relative 
to one another. These conclusions suggest a description of 
the ionic atmospheres. Following the crude analogy found 
between the structure in a liquid and its crystal form, it 
may be said that the ionic solutions examined show a struc- 
ture analogous to an ionic crystal or solid solution of the 
normal alcohol and lithium chloride alcoholate. The Debye- 
Hiickel theory, based upon electric forces, gives an atmos- 
phere around each ion which is preponderately of the oppo- 
site sign. The present conclusions point out the additional 
spatial dependence of the ions and describe the structure 
as analogous to an ionic crystal of lithium chloride alcohol- 
ate and normal alcohol. It indicates the manner by which 
both the association of ions and of ions with solvent mole- 


cules occur. 
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88. A New Method for Determining Thermionic Work 
Functions of Metals and Its Application to Nickel. GERALD 
W. Fox AnD Rosert M. Bowte, Jowa State College, Ames, 
Iowa.—A new method for determining thermionic work 
functions of metals has been developed and may be stated 
as follows: The metal sample has the approximate form of 
a sphere and is heated by electron bombardment from an 
auxiliary filament that is disconnected when measurements 
are made. As the sample cools the electron emission from it 
charges a condenser, which, at predetermined times, is dis- 
charged through a ballistic galvanometer. A Pt, Pt+10 
percent Rh thermocouple, spot welded to the sample, 
measures its temperatures. The values of the thermionic 
constants are obtained by use of the equation: 


logio (T?/SQ) = logio (2.3/aA) +/(2.672 X10T) 


where Q is the quantity of charge yet to flow on cooling the 
sample to absolute zero and —S is the slope of the log 
Q-time curve. This equation is derived from Richardson’s. 
For thoroughly outgassed nickel, this method yields 
@=5.03+.05 volts and A=1.38 X10 amp./cm? degree’. 
The value for @ agrees with photoelectric determinations. 


89. Thermionic and Adsorption Characteristics of 
Platinum on Tungsten. R. W. Sears AND J. A. BECKER, 
Bell Telephone Laboratories, New York, N. Y.—As the 
amount (A) of platinum adsorbed on a tungsten surface in- 
creases, the thermionic activity decreases rapidly up to one 
layer and then more slowly until at about ten layers it ap- 
proaches platinum activity. There is no minimum analo- 


-gous to the maximum observed for electropositive adatoms. 


The rate of evaporation E increases with both A and 
temperature 7. For a fixed A, log E varies linearly with 
1/T. For T fixed, log E increases with A, rapidly at first 
and then more slowly until it reaches the value for bulk 
platinum at about ten layers. In the region of one or two 
layers maxima have been found. When platinum is depos- 
ited on one side of a tungsten ribbon it migrates over the 
surface at temperatures at which evaporation is negligible. 
The rate of migration increases not only with temperature 
and concentration gradient but also with the concentration. 
Hence the mechanism of migration is not like that of 
ordinary diffusion but is similar to the mechanism of evapo- 
ration. Very probably migration results from adatoms 
which leave the surface at one point and return to it at 
another point. 


90. The Temperature Dependence of the Work Func- 
tion for Composite Surfaces. W. H. BRATTAIN AND J. A. 
BECKER, Bell Telephone Laboratories, New York, N. Y.— 
Experiment shows that as the amount of adsorbed material 
on a surface is increased from 0 to about one layer, the 
various Richardson lines are straight in the observed tem- 
perature range and that they all intersect at a common 
point corresponding to an extrapolated critical temperature 
T.. This is necessarily so if the slopes of these Richardson 
lines are linearly related to the intercepts at 1/7=0 or 
else to the logarithms of the emission currents at a fixed 
temperature. The slope of any such line is —wyr + Tdw/dT 
where wyr = work function when the surface is covered by 


an amount f and is at a temperature T. Since the lines are 
straight and intersect in a common point, it follows that 
throughout the experimental temperature range dw/dT 
=(wo—wyr)/(T.-—T); wo=w for the clean surface for 
which dw o/dT=0. Hence wyr=wyo+asT where ay 
=(wo—wyo)/T.. For positive adions wo > and a is posi- 
tive; while for negative adions wo <wyo and a is negative. 


91. The Dependence of Adsorbed Ions on Temperature. 
J. A. Becker anp W. H. Brattain, Bell Telephone 
Laboratories, New York, N. Y.—In the preceding abstract 
it is shown that the work function of a composite surface is 
given by 

wer = JT. 


This can be written 
Wo— WsT = (wo —wyo)(1 Tae 


Now and wo—wyo=4relsolo where 
Iyr =adions per cm? when the concentration of adsorbed 
material is f and the temperature is 7; Jyp =I;7 when T=0; 
lp is the average distance that the ionic charge e is above 
the surface at temperature 7. 


where y=1/7. which is independent of f. This equation 
states that when the temperature of a given composite sur- 
face (f=constant) is changed, the ion moment varies 
linearly with the temperature in such a way that it would 
become zero at some critical temperature. This critical 
temperature is characteristic of the surface and the ad- 
sorbed particles, but is the same for all amounts of ad- 
sorbent less than one layer. 1/7. or y might be called the 
ionization coefficient. Since /7 very likely increases with T, 
Iyr very likely decreases with T more rapidly than Jp 
increases. 


92. The Effect of Temperature on the Emission of 
Electron Field Currents from Molybdenum and Tungsten. 
A. J. AHEARN, Bell Telephone Laboratories, New York, N. Y. 
—Electron field currents from the central portion of long 
molybdenum and tungsten filaments about 2.7 x 10-* cm in 
diameter have been studied. The field currents were first 
made stable to about 5 percent by long continued condi- 
tioning treatments of temperature and high voltage under 
high vacuum conditions. Thermionic emission measure- 
ments gave the values 4.32 and 4.58 volts for the work func- 
tion of the molybdenum and tungsten respectively, in good 
agreement with the accepted values for the clean metals. 
Emission measurements were then made at fields varying 
from about 510° v/cm to about 110° v/cm and at 
temperatures varying from 300°K to about 2000°K. Down 
toabout 1600°K the thermionic currents completely masked 
the field currents. Thermionic emission values below 
1600°K were obtained by extrapolation. Thus the field cur- 
rents at the lower temperatures were separated from the 
thermionic currents. Where necessary, corrections were 
made for the decrease in the voltage gradient accompanying 
the thermal expansion of the filament. The field currents 
were found to be independent of temperature to within 5 
percent from 300°K to 1400°K. At temperatures higher than 
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1400°K the data are consistent with the assumption that 
the current consists of a thermionic current plus a current 
which is independent of temperature. However, due to the 
exponential change of thermionic current with temperature 
and the relative magnitudes of the two currents a small 
effect of temperature on the field current could not be dis- 
tinguished at temperatures higher than 1400°K. 


93. Effect of High Series Resistance on Cold Emission. 
RussELL W. Mess, Ohio State University. (Introduced by 
WILLARD H. BENNETrI.)—Several well outgassed extremely 
fine points of tungsten failed to give measurable emission at 
fields exceeding ten million volts per centimeter. Other 


points similarly prepared gave emission. When a series re- 
sistance of 1.810 ohms was used, a typical breakdown 
occurred but no rupture of the point could be found after- 
wards, using the microscope. When resistance of 2 x 10° was 
used, rupture of the point occurred at the same value of 
current, and the deformation of the cathode was easily 
seen. Emission could never be drawn from copper cathodes 
without severe rupture when resistance of 10° ohms was 
used, but when resistance of 10° ohms was used, no rupture 
could be found. Hence, it is proven that breakdown due to 
disruption of the cathode surface is not produced by the 
electric stresses due to the field, but instead is a function of 


the current. 


When two or more papers are offered by the 
same member one only of these will be assigned a 
place on the regular program while the others 
will be placed in a supplementary program to be 
called for if time permits. 

Papers received after the program has been 
printed will be placed in the supplementary 
program. 


94. An Absolute Determination of the Ampere. HARVEY 
L. CurTIS AND ROGER W. Curtis, Bureau of Standards.— 
The ampere has been measured in absolute units by a cur- 
rent balance, in which the force between coils carrying a 
current is measured. The current balance originally used by 
Rosa, Dorsey and Miller (Bulletin of the Bureau of Stand- 
ards 8, 269-393 (1912)) has been set up. The apparatus has 
been modified in many important respects. Four sets of 
coils have been used. The important constant used in com- 
puting the current from the force between coils is the ratio 
of their radii. Eight experimental determinations of these 
ratios have been made giving results which are self-check- 
ing and which show no errors larger than +6 parts in a 
million. Four series of determinations of the force give 
results in which the average deviation from the mean is 
about +3 parts in one hundred thousand. The results may 
be expressed as 1 B.S. International Ampere =0.99994 
Absolute Ampere. The present paper will appear in full in 
the Bureau of Standards Journal of Research. 


95. The Determination of e or \ by the Dispersion of 
X-Rays. J. A. BEARDEN AND J. A. WHEELER, Johns Hop- 
kins University.—Shiba (Inst. of Chem. and Phys. Tokyo 
19, 97 (1932)) has calculated from the dispersion measure- 
ments on quartz of one of the authors (Phys. Rev. 39, 1 
(1932)) the value of the charge on the electron to be 
e=4.805 <10-” e.s.u. which is in agreement with the ruled 
grating measurements of x-ray wave-lengths. Shiba has 
used a value of N,=1.3 in place of Ni=2 and also neg- 
lected the effect of the K absorption limit of oxygen. The 
value of N; has now been calculated from some of the most 
precise absorption measurements and plotted as a function 
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of the atomic number. It is the Pauli principle which makes 
N; less than 2. A rough theory taking account of the exclu- 
sion principle and the interaction between electrons through 
the use of the Hartree-Slater functions gives good agree- 
ment with the experimental curve for atomic numbers 
below 40 but deviates increasingly for heavier elements. 
From this curve N;, for Silicon is 1.6 and for oxygen is 1.8. 
A similar calculation for Nz of Silicon leads to a value of 
8.0. From these results we find values of \ which are in 
agreement with the crystal determinations. If we assume 
perfect crystals this gives the usual value of e=4.77 xX 10-1 
e.s.u. instead of Shiba’s value. 


96. A Photographic Determination of the Half-Period of 
Thorium B. T. R. Wi_kins AnD S. D. Burpick, University 
of Rochester.—Extensive studies of the photographic effects 
of alpha-rays by T. R. Wilkins and R. N. Wolfe have indi- 
cated a linear relation between the photographic density 
and the number of alpha-rays striking an emulsion over a 
considerable range before the curve flattens out. This linear 
relation has been used in the present work to measure the 
period of Th B. Although Th B itself does not emit alpha- 
rays, its period controlled the rate of decay of the active 
deposit. The source was moved over a photographic plate 
by a synchronous motor at a speed of 6.07 mm per hr. The 
source was of sufficient strength to give photographic 
densities varying from about 1 at the beginning to about 0.3 
at the end of the record. Some plates with beautifully gra- 
dated records about 7 mm wide and 120 mm long (corre- 
sponding to a 20 hr. exposure) give a value for the period of 
Th Bof about 10.2 hrs. as compared with the accepted value 
of 10.6 hrs. based on ionization measurements. 


97. Hemi-Alpha Groups in Atomic Nuclei as Related to 
the Energy of Binding. Witt1am D. Harkins, University 
of Chicago.—In 1921 the writer assumed the existence of 
hydrogen of mass two, whose nucleus may be called the 7 
particle. This nucleus was considered of importance as a 
constituent of other nuclei, which are represented in general 
by the formula of Harkins and Masson as follows: z7;. 
If Z is even the hemi-alpha groups are supposed to be as- 
sociated in pairs as a-particles. Recently this formula has 
been adopted by Heisenberg. If J, the isotopic number, is 
zero, then Z has never been found to be greater than 7 for 
any atomic species for which Z is odd. That is, if the num- 
ber of a-particles in the nucleus is greater than 3, an odd 
hemi-alpha (y) group has never been found to be present. 
If such an odd hemi-alpha group is present the addition of 
a second hemi-alpha group is found to give 23, 21, and 20 
million electron volts in the three cases for which the data 
are known. This represents the completion of an a-particle 
in the nucleus. On the other hand, the addition of an odd 
hemi-a group gives only 3.4 and 8.5 million e.v. in the two 
cases for which the data are available. Other energy rela- 
tions obtained from mass values will be discussed. 


98. Estimates of Probable Error Using Prior Informa- 
tion. W. Epwarps DEMING, Bureau of Chemistry and Soils, 
Washington, D. C-——Mathematically manageable forms for 
the prior existence curves of the unknown mean and stand- 
ard deviation of a parent population of observations were 
given and used by Molina and Wilkinson in the Bell Sys- 
tem Technical Journal, November 1929. By means of these 
it is possible to form posterior estimates of the probable 
error of a set of measurements, provided the prior informa- 
tion is definite enough to permit an assignment of values 
to the three arbitrary constants that occur in the prior 
existence forms. This situation is sufficiently realized in 
some measurements on the densities of 10 crystalline sub- 
stances that were carried out here by Dr. Sterling B. Hen- 
dricks. From 7 to 10 measurements were made on each 


substance. The posterior estimates of the 10 probable errors 
are compared with the maximum likelihood estimates (the 
usual formula). The former estimates show about half as 
much fluctuation as the latter. This is to be expected, since 
the prior information acts as a stabilizer for the statistical 
fluctuations in the standard deviations of samples, so that 
a posterior estimate is not proportional to the standard 


‘deviation of the sample. The posterior method gives the 


more reliable estimates, and the illustration here presented 
shows a possible scheme of application. 


99. The Azimuthal Asymmetry of the Cosmic Radiation 
at Mexico City. Toomas H. Jonnson, The Bartol Research 
Foundation and The Carnegie Institution of Washington.— 
Using a train of three Geiger-Mueller counters connected 
for recording coincident discharges, the intensities of the 
cosmic radiation on the east and west sides of the magnetic 
meridian have been compared at Mexico City, magnetic 
latitude 31° N, elevation 2250 meters. At the same angular 
distance from the zenith the intensity in the west is greater 
than that in the east. Preliminary values for the percentage 
differences between the east and west intensities at various 
angles from the vertical are as follows: 

Distance 


from the 
zenith 


Percentage 
difference 
E-W 


25° 35° 45° $5° 65° 


1%+2% $%22% 10%22% 13%24% 25%210% 
These results are just those to be expected on the basis of 
the theory of the latitude intensity variations of Le Maitre 
and Vallarta, and they show that the principal corpuscular 
component of the primary cosmic radiation is positively 


charged. 


100. The Luminescence from Solidified Gases and its 
Interpretation. L. VEGARD, Physical Institute, Oslo, 
Norway. 
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